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23443 S. Hays Road
Manteca, CA 95337
September 21, 1999

Mike Madlgan
II0 W. C Street, Suite 2200
San Diego, CA 92101

Sunne McPeak
Bay Area Council
200 P~ne Street, Suite 500
San Francisco, CA 94104

LesSer Snow
CALFED Bay-Delta Program
1416 9th Street, Suite 1155
Sacramento, CA 95814

Dear Mike, Sunne, and L~ster:

The success of the "preferred alternative" will depend in
large part on the extent to which it can compatibly (a) protect
fish, [b) provide satisfactory in-channel water quality and
availabillty for agriculture and other in-Delta uses, and (c)
deliver an adequate supply of treatable water for urban use.
propose that the agenda for the next BDAC meeting should include
an in-depth presentation and discussion of the through-Delta
conveyance design and other measures affecting Delta and export
water quality. The following items are examples of topics to be
discussed ¯

@ What is the current through Delta conveyance p~an in
respect to channel flows, in-channel water quality,
chapel alterations, waner ma~za~ement within the Delta,
structures, etc.?

How was this plan chosen and what biological,
hydraulic, and water quality analyses were made?

~Fnat role did in-Delta interests and expertise play in
developing the plan?

If the plan does not now include control of flows
through Georgianna Slough, why. not? Dick Daniel has
stated that the Slo~gh carries "unnaturally high
volumes of Sacramento River water into the interior
Delta" and this "e~poSes yotlng fish of Sacramento River
origin to high levels of predatiom and entrairnnent".
Why is it important to control flow through the cross-
channel and not through the Slough?
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Wh~t features of the plan serve to minimize the
entralru~ent of bromide in the cross-flow?

What features of the plan serve to minimize the seismic
risk to conveyed water quality in consideratlcn of
evidence that seismic risk is greater in the western
than eastern Delta?

What potential is there for sonic fish barriers and for
flow control on a tidal basis?

Roughly 400,000 ton~ of imported salt drains into the
San Joaquin River. If this salt were discharged
directly to the ~ca~, what would be the water quality
benefit in the Sm/~ Joaquin River, in the South Delta,
and in the DMC and State Aqueduct?

If all of the millions of tons of salt uhat is imported
into the South Central Valley were removed from the
valley and river systems, what opportunities would this
create for water trad.s to improve urban source water
quality without ~xacerbatlng the accumulation of sal~
in ~he valley?

This l~st is merely illustrative of the coverage that I
believe is needed for BDAC to evaluate the conveyance and water
quality plan.

Sincerely.

Alex Hildebramd
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SOUTH DELTA WATER AGENCY
3031 WEST MARCH LANE, SUITE 332 EAST

POST OFFICE BOX 70392
STOCKTON, CALIFORNIA 95267

TELEPHONE (209) 956-0150
FAX (209) 956-0154

Directors: EMAIL Jherrlaw@aol.com
Jerry Robinson, Chairman Counsel:
Peter Alvarez, VicE-Chairman John Herrick
Alex Hildebrand, Secretary Engineer:
Robert K. Ferguson Gerald T. Orlob
Natalino Bacchetti

Comments on CalFed’s Revised Phase H Report
August 18, 1999 Workshop

My name is John Herrick and I am the attorney for the South Delta Water Agency.
My comments are offered in conjunction with Mr. Alex Hildebrand’s, on behalf of the
South Delta Water Agency.

We would like to endorse Assemblyman Machado’s comments, before CalFed moves
forward on any project, it must include a three tidal barrier program operated as needed, a
bundle of actions to restore the San Joaquin River, and a program to address the D.O.

...~..... problem near Stockton. We also join with the comments of the County, the City of Stockton,
~,~, ¯ Stockton East Water District, and the Central Delta Water Agency. We believe we are united

in our positions regarding CalFed.

CalFed’s fundamental problem is that it seeks to improve water quality and quantity
for all beneficial uses, and ignores the priorities of California water law. It also excuses
those responsible for degrading the environment and water quality. The result is the balance
of competing demands, which makes innocent superior right holders share the burden with
guilty junior right holders. The first step for CalFed is to make the projects mitigate their
adverse impacts on the San Joaquin River and Delta.

The current state of affairs is that superior right holders in the Delta do not get the amount
or quality of water to which they are entitled, yet CalFed seeks to increase those activities that
currently cause the harm to the Delta.

The clear emphasis is on improving export supply and quantity. If this is not done, the
isolated facility will be "re - examined". There is no corresponding commitment to improve
Delta quality and quantity for agriculture and other local uses.

The Program gives lip service to "continuing" application of the Delta Protection Act,
but those statutes are universally ignored by the State and Federal agencies. That Act requires
the State and Federal projects to provide sufficient water to satisfy the beneficial needs of the
Delta and to only export water surplus to those needs.

C--11 4982
C-114982



The Program seeks to change the way agriculture uses water, based on the false assumption
that runoff from a field is "wasted water". In most years, all of the San Joaquin system’s yield
is put to beneficial use. Upstream "savings" therefore deprive downstream users, including fish,
wildlife, and other public trust needs.

The Program seeks to encourage and expedite transfers which will effectively destroy
agriculture, which can never compete with urban interests in a bidding war for water.

This year again, CalFed decided that in order to protect exports and fisheries, one of the
tidal barriers could not be operated. The local riparians suffered so exports could rise.

It is hard to reconcile CalFed’s recent interest in addressing San Joaquin river quality with
its actions. This year, CalFed endorsed a program that plans on violating the Vernalis Salinity
Standard in 50% of years. Then, it turned around and endorsed an expansion of exports that will
further lower South Delta water levels and perhaps make the barriers ineffective

We recommend that there be fundamental changes to this mu lti-billion dollar Project, before
it permanently harms our Delta, and California agriculture.
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Three Minute Presentation by Alex Hildebrand for the South Delta Water Agency
at the CALFEE) Hearing in Stockton on August 18

I am Alex Hildebrand, a farmer, an engineer, and a director of th~ South
Delta Watel Agency.

We support the statements submitted by Assemblyman Machado and
County Supervisor Cobra!. We also agree with the Farm Bureau and other~ that
CALFED’s plan would seriously impact most of California’a agriculture end the
future production of food. CALFED’s South Del~a water management plan would
be a disaste~ for agriculture in the South Delta ~nd would impact almost all water
red,ted h~te~es~s in San Joaquin County.

Tt~e plan wot~ld substantia!ly increase the frequency with whieh export
pumping would .d~aw wa~er out of South Delta channels so tha~ crops can not be
irriga~d, To prevent thi~ we must have all three of ~he pre~iously planned tidal
barriers. These barriers can capture and hold high tide water for use during the
low tide. CALFED’s plan would limit the months ~h~t ~ny tidal barrier wou~d ~
allowed to operate and would not permit a barrier ~n Grantline Canal. High ti~e
water captured by the other two barriers would just run out through Grantline

Unless all three t~dai b~rriers are operated there iS a rever~e flow in the San

dissolved oxygen needed ~o~ {iah.

The Centre} Valley Project {reports up 1o a rail}ion tons of salt each year into
the San Jo~quin watershed. Several hundred thousand tons of this salt drains into
the San Joaquin River. Unless we have aH three of the tida~ barriers ~hls salt ~n the
river is drawt~ 1o the CVP pumps and reexported. This reexpo~ed salt increases
the saliniW ot waler exporled by the CMP including 1he water delivered to Tracy.
It also results in more salt d,aini~g to the river. New Melones Reservoir is ~en
required to dilute that sal~ by releasing water that is needed for o~her uses in San
Joaquin County. With CALFED’s new operations plan much of this river salt will
also be drawn to the State Aqueduct. CALFED’s plan has olher unacceptable
features.

There is no rigorous scientific da~ to support the notion that the barriers are
bad ~or fish. Furthermore, this misguided plan was adopted wi~out any technical
analysts of these concerns, Delta inlerests were told that their suggestions and
objections would have no effect on ~e p~an that was to be adopted. Our techni~l
expertise was arrogantly ignored. ~e plan violates CALFED’s promise that
improvement for one interes~ would not be made by impacting another interest.

We must have all thre~ tidal barriers, and they musl be operaled whenever
they are needed for the reasons just discussed. CALFED’s South De~a plan must
and c~n be cancelled and replaced with a plan that pt~tec~ all interest6.
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Critique of CALFED by Alex Hi!debrand
(Member of Bay Delta Advisory Council, Farmer, Engineer,

Director of South Delta Water Agency)

CALFEd has an enormously difficult task. It is the "only game in town" that
can potentially and effectively seek to improve the management of California’s
water resources in order to take betler care of the environment while also meeting
society’s other water needs, in pursuing 1his objective it has many able, likeable
people on its staff. However, its future depends on whether It can resolve
different perceptions of priorities and differences in the ~evel and scope of technical
understanding. CALFED must insist and must be perceived to insist on the
unbiased application of "good science" and must adhere to its cornmitment that all
needs will "get better together". Unfortunately, CALFED appears to be
squandering its potential for overall acceptance and for success in achieving the
above objective in spite of significant areas of well accepted accomplishment.

CALFED’s program development appears to be dominated by adopting
almost any perceived benefit for fish that is consistent with "no net loss" to
exports. There is no comparable attempt to protect agriculture and to protect
water supplles for non-export water users, or to solve problems for other
interrelated interests. CALFED purports to seek a thirty year plan, but does little to
address the consequences of anticipated population growth in combination with
the ongoing depletion of natural resources,

¯ Ca!ifornia supports its current population in part by depleting natural
resources, We get through droughts by producing food with an enormous
overdraft of groundwater. This overdraft is unsustainable. We are slowly
destroying the fertile soils and groundwaters in the south central valley by refusing
to remove tens of millions of tons of salt that has been imported into the valley,
This salt is Bay salt ~hat is contained in imported wafer. Furthermore, CALFI=D
proposes to take large amounts of land and water from agriculture for
environmental and urban use instead of meeting new needs with adequate new
water development= CALFED does not even mention in its PE|S the consequences
of these unsustalneble resource depletions on the Slate’s future food supply and
on the future of agriculture’s contribution to the S%ate°s overall economy.

CALFED was intended to "fix the Delta". In developing i~s plans for
alterations to Delta channels and to water management in the Delta, and to
conveyance through the Delta, CALFED has largely ignored the expertise and needs
of Delta interests such as the Delia’s agriculture community, ~he three Delta Water
Agencies, the Delta Protection Commission, and Delta counties. Where is the
analysis of the compatibility of CALFED’s through Delta plan with needed
improvement of flood flow conveyance from the Sacramento, Moketumne, and San
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Joaquln River Systems to the Bay? Where is the analysis of the practical feasibility
and the effect on Delta agriculture of CALFED proposals to consolidate and treat or
relocate drainage water? Where is the analysis that shows that CALFED’s through
Delta plan optimizes export water quality while fully protecting water qualit~
needed for Delta agriculture?

CALFED’s arrogance and selective use or disregard of "good science" was
perhaps at its worst when it recently adopted a new water management plan for
the South Delta. The plan overrides the 1991 settlement agreement among the
Department of Water Resources, the Bureau of Reclamation, and the South Delta

¯ Water Agency (SDWA). That agreement provided that three operable tidal flow
control barriers would be provided in the South Delta to capture high tide water
and bold it in the channels for use by agriculture during low tides, South Delta’s
agriculture has about 150 small diversion pumps to take water from 75 miles of
channels. Most of these channels are shallow, and, without the barriers,
operations of the CVP export pumps periodically reduces water depths during I~w
tides so that farmers can not irrigate their crops. The barriers also midgate other
impacts of export pumping by avoiding stagnant channel reaches and by
maintaining downstream flow in the San Joaquin River upstream of Stockton.
Furthermore, several hundred thousand tons of the previously mention salt load
that is imported into the valley by the CVP drains annually into the San Joaquin
River, Operation of the three tidal barriers shunts this salt toward the Bay where it
originated. In the absence of the three barriers the salt is drawn to the CVP pumps
and reexported. This reexport of salt further increases the salt drained to the river,
and increases the need for dilution water from the overcommitted New Melones
Reservoir, This in turn reduces the New Melones water supply available Jor fish
flows and for delivery to the eastern part of San Joaquin County.

When CALFED decided to make a new South Delta water management plan
it insisted on excluding SDWA and other De}~a inte.res~s from par~icipation in
developing the plan. At a public meeting the Delta interests were told explicitly
1hal nothing we said or suggested or requested would have any influence on the
CALFED plan that was to be adopted.

The plan includes t~king water into the State Water Project’s forebay during
low tides, which it does not now do. This change will very substantially increase
the depletion of the in-channel water depth needed for operation of irrigation
pumps. The plan also provides that only the two smaller tidal barriers shall be
allowed, and that they can only be operated part of the time. The high tide water
captured by these two barriers will therefore run out through Grantline Canal which
wilt have no barrier. The plan proposes dredging which will further facilitate that

¯ outflow. The plan will result in shifting the reexport of the salt in the San Joaquin
River i== ~ubsta~ti~l pa~’t ’ft’ut~= CVP export=; to 9WP expo~’ts wtlur~ it will impa~t
quality of urban water supplies. The plan will also Increase rather than prevent ~he

2
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reverse flow in the San Joaquin River that is a major cause of the problem of
inadequate dissolved oxygen (DO) for fish in that reach. No rigorous scientific data
have been presented to defend the notion that the Grantline barrier would be bad
for fish. In short, the plan will devastate S~uth Delta agriculture by damage to its
inchannel water supply, It will exacerbate the DO problem in the San Joaquin
River. It will increase ~he salt load in the State Aqueduct, and it will not provide
the reduced burden on New Melones that would result if there were three tidal
barriers that were operated most of the time. The plan refers to possible
reconsideration of a Grantllne barrier, but only if fishery agencies decide after years
ol trial that alleged fishery benefits are not sufficient in their judgement to justify
the impact on agriculture. ’The need to mitigate the impact of export pumping is
not considered a priority. All of San Joaquin County will be damaged by the plan.

Another component .of CALFED’s South Delta "early implementation plan"
was the adoption of a plan for providing spring fish flows into the South Delta with
tributary water. Here again there was no discussion with Delta interests of the
impact of that plan on the South Delta, CALFED adopted the plan without first
evaluating an alternative that would provide mosz of the fish flow with recirculated
water from the Delta Me.ndota Canal, and would thereby preserve the high quality
tributary water for uses that would benefit Steelhead trout and summer water
quality and flow into the South Delta, and would increase waler availability for
eastern San Joaquin County, and would improve water qualhy for exports and in
the San Joaquln River upstream of Vernalis.

CALFED adopted this South Delta water management plan without first
evaluating the concerns we have expressed and the alt0tnativos we have
proposed. Furthermore, there are no such evaluations in the Draft PEIS. CALFED
has apparently also made no analysis of whether the plan is legally defensible.
Does it comply with the Delta Protection S~atutes, with water rights law, and with
the obligation to mitigate adverse impacts of the export projects on third parties
that have superior water rights?

The CALFED plan presented in the currenl draft PEIS must unfortunately be
opposed. It would diminish agriculture as a whole while the state’s need for
agriculture increases as the population grows. In many areas it is far too vague to
depict what will actually take place. In other areas it adopts specific
implementation plans that are not supported by adequate, unbiased impact
analyses, or even analyses to determine whether the proposals are technically
sound, and whether they are compatible among interests, and legally defensible, It
overrides county planning, and would impact the economy o~ San Joaquin County
among others.

in order for CALFED to succeed, the overall plans and the early
implementation plan mus~t be revised with full local participazion to make them
technically sound, compatible among interests, and legally defensible.
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SOUTH DELTA WATER AGENCY                      "
3031 WEST MARCH LANE, SUITE 332 EAST

POST OFFICE BOX 70392
STOCKTON, CALIFORNIA 95267

TELEPHONE (209) 956-0150
FAX (209) 956-0154

Directors: EMAIL Jherrlaw@aol.corn
Jerry Robinson, Chairman Counsel:
Peter Alvarez, Vice-Chairman John Herrick
Alex Hildebrand, Secretary Engineer:
Robert K. Ferguson Gerald T. Orlob
Natalino Bacchetti

August 13, 1999

Attached Mailing List

Gentlemen: ...... -...

Everyone in California will be affected ~by CALFED’s ’extensive proposals for
management of land and water. All citizens are, theref_oxe.,.urged to attend one of the public
hearings on the Environmental Impact Statement for those proposals. The hearing in
Stockton will be on Wednesday, August 18, from 6:00 p.m. to 9:00 p.m. at the San Joaquin
County Fairgrounds, Building 5, Airport Way and Charter Way, Stockton.

The South Delta Water Agency offers the attached analysis of the substantial impacts
of CALFED’s plan on this County and the State. Everyone should attend and express his
view on this far reaching plan.

Very truly yours,

Alexander Hildebrand
Secretary, South Delta Water Agency

Enclosure
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Fresno Bee Bakersfield Californian Mr. A. J. Yates
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...... Fresno, CA 93706-2098 Bakersfield, CA 93301-5299 Agriculture
P. O. Box 942871

Mr. Steve Elliott San Luis Obispo Co. Telegram- Sacramento, CA 94271-0001
Modesto Bee Tribune
1325 H Street 3825 S. Higuera Street Mr. Bob Clark
Modesto, CA 95354-2427 San Luis Obispo, CA 93401- North Delta Water Agency

7438 910 K Street, Suite 310
Mr. Jim Nickels Sacramento, CA 95814
The Record Mr. Matt Carter
530 East Market Street Tri-Valley Herald Thomas Zuckerman, Esq.
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Tracy, CA 95376 Stockton, CA 95202
Mr. Bob Brown
Tracy Press Mr. Craig Anderson Thomas Shephard, Esq.
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Floor
Los Angeles Times Capitol Press Stockton, CA 95203
145 S. Spring Street Post Office box 2048
Los Angeles, CA 90012-3601 Salem, OR 97308-2048 County Board of Supervisors

222 E. Weber Avenue, Room
~.~’~i, San Jose Mercury News Farm Bureau News 701
""< 750 Ridder Park Drive 3290 Ad Art Road Stockton, CA 95202

San Jose, CA 95190-0001 Stockton, CA 95215
California Farm Bureau

Mr. Glen Martin Mr. Kevin Swartzendruber Federation
San Francisco Chronicle Farm Bureau News 2300 River Plaza Drive
870 Market Street 5150 Fair Oaks Blvd., Suite Sacramento, CA 95833-3239
San Francisco, CA 94102-3002 101-153

Carmichael, CA 95603
San Francisco Examiner
925 Mission Mr. Russ Matthews
San Francisco, CA 94103-2905 California Farm Bureau

Federation
The Oakland Tribune P.O. Box 8444
66 Jack London Square Stockton, CA 95208
Oakland, CA 94607-3700

Mr. Brian Ross
Sacramento Bee Lodi News Sentinel
2100 Q Street P.O. Box 1360
Sacramento, CA,95816-6899 Lodi, CA 95241-1360

San Diego Tribune Dr. Rogene Reynolds
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Critique of CALFED by Alex Hildebrand
(Member of Bay Delta Advisory Council, Farmer, Engineer,

Director of South Delta Water Agency)

CALFED is the "only game in town" that can potentially and effectively seek
to improve the management of California’s water resources in order to take better
care of the environment while also meeting society’s other water needs, in
pursuing this objective it has many able people on its staff. However, CALFED
must insist on the unbiased application of "good science" and must adhere to its
commitment that all needs will "get better together".

CALFED’s program development appears to be dominated by adopting almost
any perceived benefit for fish that is consistent with "no net loss" to exports.
There is no comparable attempt to protect agriculture and to protect water supplies
for non-export water users, or to solve problems for other interrelated interests.

California supports its current population in part by depleting natural
resources. We get through droughts by producing food with an enormous and
unsustainable overdraft of groundwater. We are destroying the fertile soils and
groundwaters in the south central valley by refusing to remove millions of tons of
salt that is imported into the valley. This is Bay salt that is contained in the
imported water. Furthermore, CALFED proposes to take large amounts of land and
water from agriculture for environmental and urban use instead of meeting new
needs with adequate new water development.

In developing its plans for alterations to Delta channels and to water
management in the Delta, and to conveyance through the Delta, CALFED has
largely ignored the expertise and needs of Delta interests such as the Delta’s
agriculture community, the three Delta Water Agencies, the Delta Protection
Commission, and Delta counties.

CALFED’s arrogance and selective use or disregard of "good science" was
perhaps at its worst when it recently adopted a new water management plan for
the South Delta. The plan overrides the 1991 settlement agreement among the
Department of Water Resources, the Bureau of Reclamation, and the South Delta
Water Agency (SDWA). That agreement provided that three operable tidal flow
control barriers would be provided in the South Delta to capture high tide water and
hold it in the channels for use by agriculture during low tides. South Delta’s
agriculture has about 1 50 small diversion pumps to take water from 75 miles of
channels. Most of these channels are shallow, and, without the barriers, operation
of the CVP export pumps periodically reduces water depths during low tides so that
farmers can not irrigate their crops. The barriers also mitigate other impacts of

¯ export pumping such as by maintaining downstream flow in the San Joaquin River
(~~ upstream of Stockton. Furthermore, several hundred thousand tons of the
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previously mentioned salt load that is imported into the valley by the CVP drains
annually into the San Joaquin River. Operation of the three tidal barriers shunts
this salt toward the Bay where it originated. In the absence of the three barriers
the salt is drawn to the CVP pumps and re-exported. This re-export of salt further
increases the drainage of imported salt to the river, and increases the need for
dilution water from the overcommitted New Melones Reservoir. This in turn
reduces the New Melones water supply available for fish flows and for delivery to
the eastern part of San Joaquin County.

At a public meeting the Delta interests were told explicitly that nothing we
said or suggested or requested would have any influence on the CALFED plan that
was to be adopted.

The plan includes taking water into the State Water Project’s forebay during
low tides, which it does not now do. This change will very substantially increase
the depletion of the in-channel water depth needed for operation of irrigation
pumps. The plan also provides that only the two smaller tidal barriers shall be
allowed, and that they can only be operated part of the time. The high tide water
captured by these two barriers will therefore run out through Grantline Canal which
will have no barrier. The plan will shift the re-export of the salt in the San Joaquin
River in substantial part from CVP exports to SWP exports where it will impact the
quality of urban water supplies. The plan will also increase rather than prevent the
reverse flow in the San Joaquin River that is a major cause of the problem of
inadequate dissolved oxygen (DO) for fish in that reach. No rigorous scientific data
have been presented to defend the notion that the Grantline barrier would be bad
for fish. In short, the plan will devastate South Delta agriculture by damage to its
inchannel water supply. It will exacerbate the DO problem in the San Joaquin
River. It will increase the salt load in the State Aqueduct, and it will not provide
the reduced burden on New Melones that would result if there were three tidal
barriers that were operated most of the time. The plan refers to possible
reconsideration of a Grantline barrier, but only if fishery agencies decide after years
of trial that alleged fishery benefits are not sufficient in their judgement to justify
the impact on agriculture. The need to mitigate the impact of export pumping is
not considered a priority. All of San Joaquin County will be damaged by the plan.

Another component of CALFED’s South Delta "early implementation plan"
was the adoption of a plan for providing spring fish flows into the South Delta with
tributary water. CALFED adopted the plan without first evaluating an alternative
that would provide most of the fish flow with recirculated water from the Delta
Mendota Canal, and would thereby preserve the high quality tributary water for
uses that would benefit Steelhead trout and summer water quality and flow into the
South Delta, and would increase water availability for eastern San Joaquin County,
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~nd wou~d improve water quality for exports and in the San Joaquin River upstream
of Vernalis.

Furthermore, there are no such evaluations in the Draft PEIS. CALFED has
apparently also made no analysis of whether the plan is legally defensible. Does it
comply with the Delta Protection Statutes, with water rights law, and with the
obligation to mitigate adverse impacts of the export projects on third parties that
have superior water rights?

The CALFED plan presented in the current draft PEIS must unfortunately be
opposed. It would diminish agriculture as a whole while the state’s need for
agriculture increases as the population grows, in many areas it is far too vague to
depict what will actually take place. In other areas it adopts specific
implementation plans that are not supported by adequate, unbiased impact
analyses, or even analyses to determine whether the proposals are technically
sound, and whether they are compatible among interests, and legally defensible. It
overrides county planning, and would impact the economy of San Joaquin County
among others.

The overall plans and the early implementation plan must be revised with full
local participation to make them technically sound, compatible among interests, and
legally defensible.

Currently, various San Joaquin County water interests are developing a joint
position regarding CALFED’s plan, but it is not anticipated to differ substantially
from the above.
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23443 S. Hays Road
Mant~ca, CA 95337
July 31, 1999

Lester Snow, Executive Director
CALFED Bay-Delta Program
1416 9th Street, Suite 1155
Sacramento, CA 95814

Dear Lester:

Thank you for your July 23 response to our June 3 letter
which we raised what we believe to be very serious concerns about
CALFED’s water management plan for the South Delta. The concerns
addressed both process and substance. We won’t reiterate those
concerns in this letter. However, we apparently have not
previously made it clear -why we give little credence to
assertions that a decision on the Grant Line Canal barrier is
merely being postponed, with uhe implication that this
postponement should not be a serious threat to the South Delta’s
in-channel water supply.

W~ refer you to your May 15 documentation of the May 13
Policy Group decision on this issue. Item 17 states that
reconsideration of a Grant!ine barrier ~ould only occur ~ the
system was operated and evaluated without the barrier. It
further indicates that a decision to reconsider would have to be
made by USFWS, NMFS, DFG, DWR, and USER. The decision is also
stated to be based on whether the detriment to the South Delta
was approprlately h~!anced with alleged benefits to fishery while
continuing full export deliveries. That is, it would not be
based on whether South Delta agriculture is protected from
impacts of that export pumping. Even if a decision to provide a
Grantline battler were made, it is stipulated that there would,
at that time, have to be a new EIS/EIR with all the pitfalls
delays that implies. The draft Implementation Schedule suggests
that a Grantline barrier migh~ not even be considered before
2012. We believe that any significant interim period could
devastate South Delta’s agriculture.

There is no justice in an attitude that fishery must be
protected with no risk to exports, but that the need to assure
mitigation of the impacts of those exports on the South Delta’s
water supply can be postponed or disregarded.

Your statement that USBR did not sign the 1991 agreement is
incorrect. USeR did s~gn ~t. That agreement stipulated an
intent to sign a previously drafted contract as soon as each
signator obtained the necessary authority. This necessary
authmrity included a very successful authorizing election by
SDWA’B electorate, and state clearance for DWR’s signature. ~t
was at least six years before USBR even suggested ~o their
w~shin~ton office that it mi_m_~be appropriate to sign. They
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Lester Snow
July 31, 1999
Page 2

then never signed the con~rac~ and have left any intmrim
compliance to be provided by DWR instead of a 50-50
responsibility as the agreement stipulated.

Sincerely,
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23443 S. Hays Road
Manteca, CA 95337
July 31, 19S9

Lester Snow, Executive Director
CALFED Bay-Delta Program
1416 9th Street, Suite 1155
Sacramento, CA 95814

Dear Lester~

Thank you for responding ~o my recent request for assistance
in identifying pages in~th~ draft EIR/EIS which analyze the
effects of the preferred alternative as they relate to the South
Delia’s inchannel water supply. Unfortunately as you acknowledge
the draft does not address the project level effects and
considerations cited in my letter. We have not seen the a~alyses
of these issues that you will need in preparing a project
specific EIR/EIS. Adcptlon of a South Delta water managament
plan prior to those analyses appears to prejudge those analyses.

Sincerely,

ex-’~ild~brand

P.S. Some typos ~re inevitable in a document of this size. The
Vernalis w~ter depths shown on table 5.2-2 appear to be in error.
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23443 S. Hays Road
Manteca, CA 95337
June 29, 1999

Lester Snow,. Executive Director
CALFED Bay-delta Progra~
1416 9th St., Suite 1155
Sacra~nen~o, CA 95814

Dear Lester:

The progranunatic EIS is an enormous docu~ment. Please assist
me by identifying the pages in the d~c’t~ment that analyze the
effects of the preferred alternative as they relate to the South
Delta’ s in-channel water supply.

!)    Where is the analysis of the effect on water levels
throughout South Delta channels that will result from taking
waEer into Clifton Court during low tides?

2)    ~qlat will be the distribution o£ ~.h~s i~pact on water levels
in d~edged channels versus undred~ed charnlela?

3)    HOW will this impact compare to the levels that would exist
if the Grantline barrier were included in the plan, or if there
were nc export operations?

4)    HOW will the proposed plan affect the entrainment of S~n
Joaquin River salt load in the SWP exports?

5)    How will continuation of reverse flow of the San Joaquin
River between Old River and Stockton affect the difficulty of
correcting the DO problem in that reach?

~)    How will the ~limination of th~ Grantllne barrier affect the
salt load in the DMC, the long term salt lo~d drained from the
CVP service area to the river, and the consequent burden on New
Melones for dilution water to meet the V~rnalis salinity
standard.

7)    !n determining that the SjRA plan should b~come part of th~
CALFED plan what analyses w~re made of the effect of that and the
incorporated Bureau operation plan on summer flow and quali~y?

We would appreciate help in identifyin~ these analyses if
they were made. If they were not made, why were they not made?

Sincerely,

Alex Hildebrand
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B T-DELTA
Sacramento, California 95814    FAX (916) 654-9780

July 23, 1999

Alex Hildebrand
South Delta Water Agency
P.O. Box 70392
Stockton, CA 95267

Dear Alex:

This is in response to your request for guidance in identifying the pages in the draft
PEIR!EIS, wNch analyze the effects of the preferred alternative as they relate to the south Delta’s
in-channel water supply.

The relevant analyses are discussed in Sections 5.2 and 5.3 of the draft PEIR/EIS. The
document is progranmaatic in nature, and does not describe in detail the project level effects and
considerations you cited in your letter. A great deal of information has been developed on the
topics you mentioned in your letter, througch hydrodynamic modeling, water quality modeling,
field data collection, operational experience, and various technical studies. Although not
included in the programmatic document, the infom~ation has been made available for public
review through various agency planning st-udies over the past decade, and has been considered by
CALFED during the alternative formulation process. As you are aware, CALFED agencies are
currently working to advance these analyses to provide the detailed technical information needed
to complete project specific environmental documentation for proposed actions in the south Delta
region.

CALFED agencies will be pleased to work closely ~vith you and other stakeholders as
these tectmical evaluations are advanced. If you have further comments or questions, please
~vrite or call me at (916) 657-2666 or call Stein Buer, Assistant Director, at (916) 653-6628.

Lester A. Sno~v
Executive Director

cc: (see attached list)

California The Resources Agency Federal Environmental Protection Agency Department of Agriculture
Department of Fish and Game Department of the Interior Natural Resources Conservation Service
Department of’g&ter Resources Fish and Wildlife Service U.S. Forest Service

California Environmental Protection Agency Bureau of Reclamation Department of Commerce
State "¢~arer Resources Control Board U.S. Geological Survey National Marine Fisheries Service

Department of Food and Agriculture Bureau of Land Management Western Area Power Administration
U.S. Army Corps of Engineers
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DIRECTORS
" " George 81agt. Jr.
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Alfred R, Zuckerma,"

COUNSEL
Dante John Nomelhn
Thomas M. Zuckerma.n

CENTRAL DELTA WATER AGENCY
235 East Weber Avenue ¯ P.O. Box 1461 ° Stockton, CA 95201
Phone 2091465-5883

OUTLINE OF PRELIMINARY CAL/FED RELATED
CONCERNS AND COMMENTS

The CAL/FED documents continue to reflect a clear bias towards exports of water from
the Delta and construction of a peripheral canal. The staffing structure of CAL/FED and strong
influence of the export water contractors appear to have effectively precluded an earnest change
in direction.

Preliminary concerns and comments are as follows:

1. Oppose the peripheral canal or any other isolated Delta transfer facility including the

construction of segments thereof.

2. Willing to work with improvements to existing channels to facilitate through Delta

(i[)
conveyance provided that maintenance of the common pool concept is not jeopardized.

3. Exports of water from the Delta must be limited to water which is truly surplus to the

needs within the Delta and the other areas of origin. There must be a clear and

unequivocal commitment to provide SWP and CVP water on a first priority basis for

Delta salinity control, an adequate in-channel water supply in the Delta and to meet the

present and future needs within the Delta and other areas 0forigin. The proposed

assurances are totally inadequate.

4. Conversion or destruction of agricultural lands in the Delta must be minimized. In

addition to the numerous private and public habitat-related uses already in place, there are

a number of new projects now underway such as those on Prospect Island, Lower Liberty

Island, Little Holland Tract and McCormick Williamson Tract. The combination of these

C--11 4998
C-114998



proje00cts with the already flooded areas on Little Franks Tract, Franks Tract, Mildred

Island, Little Mandeville Island and Rhode Island and the channel islandsprovide ample

opportunity for ecosystem restoration. Mitigation of impacts to surrounding lands,

including damage from seepage and flood related impacts such as wind wave generation

must be assured prior to inundating lands previously protected by levees.

5. Oppose the use of Delta Islands as reservoirs. Adequate mitigation of seepage, and flood-

related damages is impossible to assure and the related additional direct and potential

indirect loss of agricultural land is unacceptable.

6. The acquisition of conservation easements from willing sellers and other incentive-type

programs to secure wildlife friendly agricultural practices should be preferred over

acquisition of fee interests. There should be no acquisition of any lands or easements by

. ::
federal agencies which do not pay state and local taxes or assessments.

7. Levee setbacks in limited areas can be considered provided that the direct and indirect

impacts on agricultural lands are minimized.

8. No projects should be undertaken without the prior approval of all the affected local

agencies. Affected local agencies including The Delta Protection Commission and the

North, South and Central Delta Water Agencies should be included in the early stages of

planning for all projects in the Delta.

9. All flood-related improvements must provide for passage of flood waters through the

Delta and into the bays without adverse impacts. The flood-related benefits should not be

reduced by increased development into the flood plains. The flood plain of the

Mokelurnne and Cosumnes Rivers is of particular concern.

10. Good scientific analysis must be the basis for decisions on operations and fishery
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benefits. Accurate data on delta hydraulics and biology must be obtained. Basic channel

profiles and cross-sections need to be updated.

11. Export pumping rates and quantities should not be increased unless it is demonstrated (1)

that there will not be any adverse impacts on water levels, and (2) that the needs

(including the environmental needs) in the Delta and other areas of origin are fully met.

12. Support expedited construction of the Middle River, Grantline Canal, Tracy Old River

and Head 0fOld River barriers. Operation of the barriers must be on an as needed basis

to (i) maintain adequate water levels, circulation and quality in the South Delta channels,

(ii) address the dissolved oxygen problem on the main stem of the San Joaquin River near

the City of Stockton, and (iii) assist in out-migration of salmon smolts and other fish

species. Operational decisions must be made with the agreement of all affected parties

including the South and Central Delta Water Agencies and the City of Stockton provided

that disagreements will be determined by an independent arbitrator.

The Vemalis Salinity Standards must be met. The source of water to meet such standards

must be clearly identified and committed.

There must be a comprehensive plan to resolve San Joaquin River water quality problems

with the highest priority directed towards salinity and dissolved oxygen.

Attached hereto are position points reflecting further detail which we support.

13. Water transfers should be limited to transfers of water which would have been

consumptively used or irretrievably lost to beneficial use. Flood flows which would

otherwise reach the bays or ocean and water percolating into unuseable groundwater

aquifers are examples of waters irretrievably lost to beneficial use. Water transfers which

increase exports from the Delta should not be allowed until it is clearly demonstrated that

3
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the already existing adverse impacts of export pumping have been fully corrected and that

there will be no additional adverse impacts.

14. Support water development projects which capture flood flows that would otherwise

reach the bays or ocean provided that such projects are committed to meeting the needs

including environmental needs in the Delta and other areas of origin on a first priority

with only water which is truly surplus available for export.

15. Greater emphasis should be placed on the development of additional water supply in

water importing areas by increased investment in: 1) water conservation; 2) water

reclamation, including desalting brackish and if necessary sea water; 3) higher levels of

treatment of sewage effluent to allow for safe use of effluent for irrigation of golf courses

and landscaping, industrial use, and in suitable cases human consumption; 4) installation

of dual water systems particularly in new developments; 5) installation of brine lines; and

6) improvements to water treatment facilities so that water from less desirable sources

can be beneficially used. Change of use ofwastewater to avoid increased levels of

treatment should not be allowed.

16. The plan overlooks the likelihood that increased Delta outflows will be required to restore

the fisheries. The restoration of favorable salinity conditions in Suisun Bay coupled with

the modification of the water control facilities which prevent fish from utilizing the vast

natural tidal marshes comprising the Suisun Marsh should be given further consideration.

Destroying farmland to create tidal marsh to replace the existing natural marsh which

cannot be utilized because of excessive exportation of water is clearly a redirected

impact.

4
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MONTGOMERY WATSON

To: Rick Barzan Date: April 13, 1995
Oakdale Irrigation District

From: Jeff Kishel.=~X~ Client: OID

Subject: Hydrologic Impact Analysis of File: 3436.0020/3. I
Potential Water Transfers

INTRODUCTION

This memorandum describes our analysis of hydrologic impacts likely to be associated with
potential water transfers from Oakdale Irrigation District (OZD). The San Joaquin County
Integrated Groundwater Surface Water Model (IGSM) was used to simulate three levels of water
transfers from the portion of OID north of the Stanislaus River; 10,000 af/yr, 20,000 af/yr, and
30,000 af/yr. In each case, transfers were simulated by reducing surface water supplies to OID
and increasing groundwater pumping in OID by a like amount. No artificial groundwater
recharge was considered, and transfers were assumed to occur in every year. Simulations were
run for a 70 year simulation period, corresponding to hydrologic conditions in the years I92I
through 1990, and water demand and surface water sup.ply availability were as projected by the
American River Water Resources Investigation for the year 2030." Results for the area north of
the Stanislaus were applied to the area south of the river as well, based on the hydrological
similarities between the two areas. These assumptions are intended to generate conservative
(high) estimates of potential impacts. The impacts resulting from an actual transfer program
would likely be less.

SIMULATION RESULTS

Key results of the IGSM simulations are tabulated below.
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OID NORTH OF STANISLAUS

Change Associated with Transfer

increase - (decrease)

10,000 af/yr    20.000 af/yr 30.0~0 af/yr

Surface Water Supply to OlD (10,000 af/yr) (20,1300 ef/yr) (30,000 af/yr)

Groundwater Pumping in OlD I 0,000 af/yr 20.000 af/yr 30,000 aflyr

Ending Groundwater Storage
(after 70 years of transfers)

- in Oakdale ID (8,400 af) (I7.0043 af) (24,500 af)
- in Central San Jom:luin Water Conservation District (9,0(~0 af) (16,600 af) (24,000 aO
- in Stockton East Wamr District (2,003 aD (6,003 af) (10,002 af)

Depletion of Storage in OID 120 af/yr 243 af/yr 350 af/yr

Subsurface Outflow from OID to the North (6.855 af/yr) (I 3.653 af/yr) (20,385 af/yr)

Canal Losses in OID (489 af/yr) (979 aflyr) (1,469 af/yr)

Losses from River to Model A.ma 3,519 af/yr 7.087 af/yr 10,739 af/yr

Average Difference in Groundwamr Elevation
(after 70 years)

~,:.i..:
-oID North of River (2.0 ft) (4.0 ft) (5.8 ft)
- Central San Joaquin Water Corxsr.rvation District (1.3 ft) (2.4 ft) (3.5 ft)
- Stockton East Wamr District (0_3 ft) (0.9 ft) (1.6 ft)

As shown, transferring a portion of OID’s surface water supply and replacing it with groundwater
pumping results in a lowering of groundwater levels in OID of up to nearly six feet after 70 years
of 30,000 af/yr transfers as compared with no-transfer conditions. Lesser declines would occur
in Central San Joaquin Water Conservation District (CSJ37VCD), Stockton ]East Water District
(SEWD), and throughout the model area. This would decrease subsurface flows from OID to the
northwest while increasing losses from the Stanislaus River to the model a~a.

The groundwater elevation impacts shown above are average values over large areas after 70
years of operation. Impacts at specific locations could be somewhat greater or somewhat less.
Also, interim impacts would be roughly proportional to the duration of transfer operations, so
that 35 years of’ operation would result in impacts half as great as those shown.

As indicated in the table, about one third of the transfer volume is reflected in increased river
losses, and about two thirds of the transfer volume is reflected in decreased subsurface outflow.
Assuming that the transferred volume is conveyed through the Stanislaus River to the Delta or
beyond, fiver flows are increased by about two thirds of the transfer volume, representing a
benefit to Stanislaus fisheries and instream values. If the transfer is not conveyed by the
Stanislaus, but is diverted upstream, e.g. Goodwin Dam, Stanislaus River flows would be
reduced by about one-third of the transfer volume.

About one percent of the transfer volume is reflected in additional storage depletion. There
could also be some impact on the water quality degradation situation in the Stockton area,

.~ ,    depending on whether corrective measures are implemented.

2
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To place the indicated impacts on groundwater elevations in context, after 70 years of 30,000
affyr transfers, the cost of pumping an acre foot of water would be increased, in terms of 1995
dollars, by about $0.40 in OID. $0.25 in CS.IWCD. and $0.11 in SEWD. Current pumping costs
in the model area range from about 515 to $60 per af. If SEW’D impacts represent the model
area average, total model area pumping costs would be increased by about 580,000 per year after
70 years (1995 dollars), for a total increase of $2.8 million over the 70 year period, or $1.33 per
af of water transferred, t

As indicated in the prior memorandum on water budgets, hydrologic conditions in OI39 south of
the Stanislaus River are a virtually identical mirror image of conditions north of the river.
Therefore, it appears reasonable to conclude that hydrologic impacts from transfers south of the
river would be about the same as for transfers north of the fiver. Specifically, subsurface outflow
from OID to the south would be reduced and groundwater levels would be lowered somewhat. If
transfers are conveyed in the Stanislaus River, instream flows would be increased by about two-
thirds of the transferred volume. If transfers are not conveyed in the fiver, instream flows would
be reduced by about one-third of the transferred volume, possibly requiring mitigation.

Whether transfers take place from north or south of the Stanislaus, or both, it may be possible to
mitigate some of the projected adverse groundwater level impacts by implementing a seasonal or
year-to-year groundwater recharge program involving artificial direct or in-lieu recharge.
However, it does not appear that impacts on groundwater levels within and near OID, and
impacts on instream flows would be effectively mitigated by groundwater recharge programs.
This is because the groundwater system is hydraulically connected to the river, limiting the
effectiveness of recharge, and because of the prevailing hydraulic gradient away from OID. In
other words, artificial recharge in OID will, in large part, reduce the volume of water that would
otherwise be gained from the river, and will quickly flow away from OID.

CONCLUSIONS A’.NrD RECOMMEN-DATIONS

Simulations of three levels of water transfers from oiD north of the Stanislaus. assuming
replacement of the transferred water with groundwater, indicate that the resulting groundwater
level impacts would be small relative to current pumping lifts and c.osts. The economic value of
these impacts would be small with respect to the value of the transfer itself.

If the transfer is conveyed through the Stanislaus River, instream flows would be increased by
about two-thirds of the volume transferred. If the transferred volume is not conveyed through
the Stanislaus River, river flows would be decreased by about one-third of the volume
transferred.

Similar impacts south of the Stanislaus River can be expected if transfers and increased
groundwater pumping were to take place south of the river.

It may be possible to mitigate some of the anticipated adverse impacts through implementation
of a groundwater recharge pro=~-ram.

t Based on a marginal pumping cost of $0.10 per afper foot lift 800.000 af/yr affected pumped volume, and one

foot average decline after 70 years.
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EXECUTIVE SUMMARY

Since May 1985, the Central Valley Regional Water Quality Control Board has conducted a water
quality monitoring program in the San Joaquin Valley of California to assess the impacts of agricultural
subsurface drainage on wetland water supply channels in the Grassland Watershed. The Grassland
Watershed is a 370,000-acre area, west of the San Joaquin River covering portions of Merced and
Fresno counties between the Tulare Lake Basin and the Orestimba Creek alluvial fan. The watershed
contains both farmed land, including ~cre area known as the Drainage Project Area (DPA),
and approximately 10.1_~0_0,000 ac~y_r.es~f wetland habitat, including State and Federal wildlife refuges and
private gun clubs. The~rshed i~ tributary to the San Joaquin River, with Mud Slough (north) and
Salt Slou~,h serving as the main drainage arteries. During the period covered by this report. 1 October
1995 through 30 September 1997 (Water Years 1996 and 1997~), a major chan~e occurred in the
agricultural drainage water management in the Grassland Watershed: the~..,advent of the Grassland
Bypass Project (GBP). The project began operation o 2~k~moer 199~_9.~md consolidated subsurface
agricultural drainage, which historically flowed through wetland water supply channels, into a single
channel, al!owing the drainage to bypass approximately 90 miles of wetland water supply channels and
Salt Slough. The drainage was r&_directed into the final 28 miles of the San Luis Drain for discharge
into the lower.~ix miles of Mud Slou~h (north) and eventually into the San Joaquin River. Data
presented in thi~water quality in selected water bodies within the Grassland
Watershed o~ to and one year after the advent of the Bypass project.

During Water Year 1996, water quality sampling was conducted at 17 sites within the Grassland
Watershed and represented drainage from the DPA, internal wetland supply canals and overall
discharge from the watershed. During Water Year 1997, the program was altered to reflect the chariges
in drainage water management resulting from the use of the Grassland Bypass. The remaining nine
monitoring sites focused the program on providing data which could be used to evaluate the impact of
the bypass. The primary constituents evaluated included electrical conductivity, boron and selenium,
with more limited analyses of molybdenum, copper, chromium, lead, nickel, zinc, chloride and sulfate.
Grab samples were collected on a weekly, monthly or quarterly schedule depending on the location and
automated, composite samples were collected at selected sites to provide irfformation on fluctuating
concentrations and to provide a more complete data set for load calculations for salt, boron, and
selenium.

The San Joaquin River Index is used to classify water year type in the river basin based on total runoff
(SWRCB. 1995). Both Water Year 1996 and 1997 were classified as wet water years with periods of
localized flooding occurring during February and March of 1996 and during the end of January and
early February 1997. During the floodin~ in 1997, the Grassland Bypas~ could not handle the yolume
o.f drainage from the DPA~ncl a pom0n ~rtace agricultural drainage was chverted tt~rough tl:ie
wetland ~vaier supi~lv channe._ls and into ball Slough between 27 January and 5 February,

During Water Year 1996. constituent concentrations fol~lo.wed, trends observed during the previous
years of study. The highes~c~mratmn,s occun’ed in drains from the DPA, with elevated
concentrations also apparent ~’n Salt-Slou~,h. Internal channels had varying concentrations, depending
on the routing of the subsurface agricultural drainage. Concentrations peaked in April 1996, as flood
xvater receded and pre-irrigation began.

During Water Year 1997. all subsurface agricultural drainage from the DPA was removed from the
internal wetland supply canals and Salt Slough and rerouted to the final six miles of Mud Slough
(ninth) through the San Luis Drain. ~conducti_vity, boron and selenium concentrations in the
internal - ’ s and Salt Stou~, dropped significa_ntly over previous water years with the lowest mean
monthly and annual concentrations recorded since 1985..A correspondin~ increase in constituent
concentration, s .was noted in Mud Slough (north). reflecting discharge from the San Luis Drain v;’hich
reached c~ations of 5460 btmhos/cm. 8.4 mg/L. and 107 lag/L for electrical conductivity, boron,
and selenium, respectively.

Water Year covers the rune period from I October through 30 September of the following year.
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In October 1988, Central Valley Regional Board adopted water quality objectives for boron,
molybdenum and selenium for Mud Slough (north) and Salt Slough and a selenium objective for water
used to maintain wetland habitat (Resolution #88-195). The mean monthly boron objective (2.0 mg/L)
depends on season and only applies from 15 March through 15 September, while the maximum
objective applies year round.. In May 1996, the Regional Board adopted revised selenium water quality
objectives tbr the two sloughs and for wetland water supply channels, as well as a compliance time
schedule for Mud Slough (north). The selenium compliance time schedule does not require full
compliance with the selenium objective until 1 October 2010. No water quality objectives have been
a.~_.dopted for the San Luis Drain.

During Water Ye~ based on composite sampling data, the boron objective (2.0 rag/L) was not
exceeded in Mud SliNgli (north), but was exceeded almost continuously~from Marcih-~rough July in
Stalt-gh~gh, with concentrations jus-gI"b~ow 2.0 mg/L in Apn12During Water Ye~7, the objective
was exceeded in Mud Slough (north) both upstream and downstream of the San Lu~n discharge.
Upstream of the discharge, the exceedances were limited to March and April and may be due to a
number of factors including localized elevated level____~s in groun~2lgd_eLs~I~ge, releases from wetlands,
and other surface drainage. ~ eg~he discharge, 5he-oNe, lye was exceeded continuously

~ ber. No boron objective exceedances were observed in Salt Slough, during
oved water quality is most likely the result of the diversion of DPA

subsurface agricultural drainage out of that water body.

During Water Year 1996, the applicable selenium water quality objective was only exceeded in Salt
Slough, with monthly mean concentrations remaining above 10 I.tg/L from December through
September. The~iectives_.c.hanged d~97, to a 2 gg/L monthly mean
objective tbr Salt Slough and wetland ~-ater supp~Iy channels and a 5 gg/L 4-day average objective for
Mud Slough (no~xh) that is subject to a compliance time schedule. The revised objectives were not
exceeded in Salt Slough, during Water Year 1997, but were.exceeded sporadically in the wetland water
sRp_.ply channels. Exceedances in the supply channels may be due to a num ....
elev~~vels~r, releases from the DPA (both in response to flood events and
seepage frorn gate~ an~nals), inflows from other agricultural subsurface drainage sources, and local
sources such as groundwater seepage and surface return flows. Selenium concentrations in Mud
Slough (north) above the drainage discharge remained below 5 gg/L, while monthly mean
concentrations in the slotmh downstream of the drain, a~e discharge remained above 5 gg/L, however,
i~e slough is s~ffh-~ect to a compliance time schedule.                 ’    ’" "-----

Molybdenum concentrations remained consistent between the two water years for all sites except Mud
Slough (north) dmvnstream of the San Luis Drain discharge. Prior to Water Year 1997. the 19 gg/L

¯ monthly mean molybdenum objective was not exceeded in either Mud Sltiugh (north) or Salt Slough.
During Water Year 1997. the molybdenum objective was exceeded downstream of the drainage
discharge five tinges; in February. April, June, August and September. Molybdenum concentrations in
the drainage discharge ranged fi’om 22/.tg/L to 35 ~ffL.

Salt. boron, and selenimn loads for the DPA and the Grassland Watershed were calculated using the
flow wei_-hted monthly avera~-~E, e of the available water quality data. In Water Year 1997, loads that

~ ..___.Er_evit~us~_.had_    ~    v tt~ be SUl~~med for" indi\,idual sites in the DPA ~o.lidated into t-h-~San Luis Drain
as part of tfi-~GBJE-’Ui~s from the DPA for Water Year 1997 are therefore based on
discharge and loads t?~m the GBP. Monthly discharge and monthly flow weighted average
concentrations and loads for 1996 and 1997 for the Grassland Watershed are based on the combined
~d loads for Mud S lough (north) and Salt Slough.

~t’rom the DPA drop~rcent between Water Years 1996 and 1997. from
approximately 5q7.00!1 acre-feet to approxi~nately_37.500 acr.e-fe_et. A~_!lzl.t~L~,l~ad for the DPA als¢~
~t tram.lUSt under 200.000 tons in 1996 to 140.000 tons in 1997. Boron Itmds were
practically identical for both years at just over 700,000 pounds. Selenium’loads from the DPA dropped
30 percent from approximately 10.0(X) pounds to under 7,000 pounds between 1996 and t 997.
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Annual. di~ffom the G__rassland W.ate_[rs_~_hed to the S an Joaquin River was sirnil~mn"fl"~th years,
mcreaslng slightly from approxin]atel~2.70,~0 acre-feet in 1996 to approxituately 290,0~3b acre-feet in
1997. Ann I salt load f     7¢at.exsh~l~_._,~_sj_rnilnr f~r hath_z¢.ars, dropping from justover 475.000
tons to "us~cler._450,00aXflns, while boron loads increased from appr~’~lmately 1.3 rmq2[i0h p~und~ to
~ .4 million pounds. Selenium loads dropped almost 20 percent, from 9,500 pounds in 1996 to 7,700
pounds in 1997.

Although the DPA contributes large quantities of salt and boron, it is not the only source of these
constituents in the basin. The DPA is, however, the primary source of selenium in the Grassland
Watershed. In 1996, a higher selenium load was actually calculated in the DPA than in the watershed,
which may be due to losses in the system or errors in the estimates., used for calculati_~the loads. In
1997, the DPA accounted for 90 percent of"ffi~eienium load froffi’ the Grassland Waters-fgtie-d~.

Monthly loading of constituents depended on the season and on the weather pattern. In the DPA,
constituent loads tended to increase in January and stay at elevated levels throughout the irrigation
season, dropping off by September. The Grassland Watershed followed a similar pattern, but was
greatly influenced by storm events during both Water Years 1996 and 1997. During 1996, the highest
monthly loads of all constituents leaving the watershed were recorded during February and March.
During 1997. the highest loading leaving the watershed occurred during January, February and March
and corresponded to major storms and flooding.

When compared to annual records since Water Year 1986, loads durin~ wet Water Years 1996 agld
lower ~1997 ~vere compar~ lel_lp_~I.~~r_~oth~-r wet W~tor y~_~_r (!. _-29-g~but._.~_~ads durin~ wet

Water Yem2_!~.95--Water Year 1995 followed several years of dry and critically dry years. High lo~ds
of all constituents in 1995 likely resulted from the leaching of salts that had accumulated in the basin
during previous years. Generally lower logds o~fall constituents in 1996 and 1997 wN likely due to
lower residmfl ~,’~lt to~qds’~if the Gras~j_~nd Waters__h_e_d_f.9|Lo..w.i__n~ a series of wet years.

Water quality monitoring in the Grassland Watershed will continue to allow evaluation of management
practices on instream water quality and on constituent loads.
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INTRODUCTION

The Agricultural Unit of the Central Valley Regional Water Quality Control Board (Regional Board)
initiated a water quality monitoring program in May 1985 to evaluate the effects of subsurface
agricultural drainage on the water quality of canals, drains, and sloughs in the Grassland Watershed in
western Merced County. The Grassland Watershed is located west of the San Joaquin River between
the Tulare Lake Basin and the Orestimba Creek alluvial fan. The purpose of this monitoring program
was to compile an on-going database of selected inorganic constituents found in agricultural drains that
discharge to and flow through wildlife areas before entering the San Joaquin River. This database has
been and continues to be used to develop and evaluate agricultural drainage reduction programs in the
San Joaquin River Basin.

This report contains laboratory results and a summary of water quality analyses for all constituents
measured as part of the program during Water Years 1996 and 1997 (October 1995 through September
1997)." These two years represent conditions one year prior to and one year after a major change in the
agricultural drainage water management in the Grassland Watershed: the advent of the Grassland
Bypass Project. The Grassland Bypass began operation on 23 September 1996. The project
consolidated subsurface agricultural drainage, which historically flowed through wetland water supply
channels, into a single channel, allowing the drainage to bypass approximately 90 miles of xvetland
water supply channels. This report presents the data collected during both years, and compares salinity
(measured as electrical conductivity), boron and selenium water quality at selected sites with respect to
hydrolt~gy, change in water management, and applicable water quality objectives.

Water quality data collected during the previous years of study can be found in both a summary report
presenting salinity, boron, and selenium information from May 1985 through September 1996
(Steensen et al.. 1998) and in a series of annual reports presenting all water quality information
collected (James et al.. 1988; Chilcott et al.. 1989; Westcot et al., 1990, 1991, and 1992: Karkoski and
Tucker. 1993; Vargas et al.. 1995; Chilcott et al., 1995: and Steensen et al., 1996).

STUDY AREA

The stud)’ area consists of the Grassland Watershed located west of the San Joaquin River between the
towns of Newman and Mendota. in the San Joaquin River Basin in California. The watershed
encompasses approximately 370.000 acres and includes the northern and southern divisions of
Grassland Water District (GWD). and farmlands adjacent to the district. The watershed also contains a
90.000 acre area known as the Drainage Project Area (DPA). and approximately 100.000 acres of
wetland habitat, including State and Federal wildlife refuges and private gun clubs (Figure 1).

Prior to October 1996. agricultural lands east. west. and south of the GWD discharged subsurface
agricultural drainage water (tile drainage) and surface runoff (irrigation taitwater) through the GWD.
Subsurface drainage fl’om this area often contains high concentrations of salt, selenium and other trace
elements. This regiona! drainage flowed north through the GWD, can’ied by a network of canals that
could divert water in several possible xvays before discharging into Mud Slough (north) or Salt Slough.
These two sloughs are tributary to the San Joaquin River and serve as the primary drainage outlets for
the Grassland Watershed.

After October 1996. all subsurface agricultural drainage from the DPA was rerouted into the Grassland
Bypass which discharges into the final 28 miles of the San Luis Drain. The consolidated subsurface
drainage is then released into the final six miles of Mud Slough (north) for eventual discharge into the
San Jt~aquin River. Consolidating the subsurface drainage removes the primary source of selenium in
approximately 90 miles of canals which can supply xvater to xvetland habitat. Reducing selenium in
these water bodies is a primary goal of the project, since elevated concentrations of selenium have been
documented to be hazardous to waterfowl (Skorupa. 1998).

water year lasts fr,,m October 1st of one year tltrough September 30th of the next year.
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Figure 1. The Grassland Watershed Within the
Lower San Joaquin River Basin.
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SAMPLING PROGRAM

,-°- During Water Year 1996, water quality sampling was conducted at 17 sites within the Grassland
Watershed: nine inflow sites to and four internal flow sites within the GWD and four outflow sites
from the Grassland Watershed (Table 1). Inflow monitoring stations were located on drains that
discharge into the GWD and are mainly situated at the southern end of the study area. Internal sites
were located on canals within the GWD that carry or could carry subsurface tile drainage as it passes
through, before discharging to the San Joaquin River. Outflow monitoring stations were located on
water bodies which flow out of the Grassland Watershed.

Mud Slough (north) and Salt Slough are the primary tributaries to the San Joaquin River that drain the
Grassland Watershed and are described in detail in previous reports (Pierson et al., 1989a and 1989b).
Mud Slough (north) at the San Luis Drain (MER542) and Salt Slough at Lander Avenue (MER531) are
located near flow monitoring stations operated by the U.S. Geologic Survey and are two principal
stations in this monitoring program. These two sites best represent the water quality of the drainage
leaving the Grassland Watershed. Los Banos Creek at Highway 140 (MER554) drains into Mud
Slough (north) upstream of the San Joaquin River but downstream of the site near the San Luis Drain.
Mud Slough (north) at Newman Gun Club (MER551) represents the combined quality of Mud Slough
(no~’th) and Los Banos Creek.

During Water Year 1997, the water quality monitoring program was altered to reflect the changes in
drainage water management resulting from the use of the Grassland Bypass. With the consolidation of
agricultural subsurface drainage, a majority of the inflow sites which historically contained the
drainage, were eliminated from the sampling program. The remaining sites focused the monitoring
program on providing data which could be used to evaluate the impact of the new bypass. Key sites
which were maintained and provide comparison to pre-bypass conditions include: Camp 13 Slough and
Agatha Canal (inflow); Santa Fe and San Luis Canals at Henry Miller Road (internal): and Mud
Slough (north) at the San Luis Drain terminus and Salt Slough (outflow). In addition, three new sites
were added to evaluate the discharge from the bypass itself: Mud Slough (north) upstream of the
bypass discharge (MER536). discharge from the San Luis Drain (MER535), and inflow from the
Grassland Bypass to the San Luis Drain at Check 17 (MER562). In total, water samples were collected
at nine sites during Water Year 1997 (Table 2).

SAMPLE COLLECTION METHODS

Two distinct types of water samples were collected for this program: grab samples and automated
composite samples. Although Regional Board staff collected all the water samples during Water Year
1996. staff from the Panoche Water District collected grab samples from five of the sites during Water
Year 1997: Camp 13, Agatha Canal. Santa Fe Canal. San Luis Canal, and the Grassland Bypass inflow
to the San Luis Drain. Field measurements for water temperature, electrical conductivity (EC), and pH
were conducted at all sites monitored by Regional Board staff. Follow up EC measurements were
made on all samples at the Regional Board office laboratory: within 24 hours for samples collected by
Regional Board staff and within 24 hours of receipt of samples from Panoche Water District staff. The
types of samples, methods for collection and quality control and assurance are discussed below.

Grab Samples

During both water years 1996 and 1997, grab samples were collected on either a weeny, monthly or
quarterly basis depending on site and the constituent to be analyzed (Tables 3 and 4). Analyses for EC,
total boron, and total selenium were conducted on all samples. Selected sites were also monitored for
molybdenum, copper, chromium, nickel, lead. and zinc on a monthly or quarterly basis. During Water
Year 1997. samples were also analyzed for dissolved selenium and total suspended solids at both the
inflow to and outflow from the San Luis Drain.

Grab samples ~vere collected in polyethylene bottles, usually within six feet of the bank. All sample
bottles were rinsed with deionized water before use. All bottles were also rinsed three times with the
water to be sampled prior to sample collection. All samples were kept on ice after collection and until

7
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Fable I. Water Quality Monitoring Sites in the Grassland Watershed for Water Year 1996
Map Index*       RWQCB Site I.D.                      Site Name                 ][    Site Type

I-1 ~EP,556 Main (Firebaugh) Drain @ Russell Ave. Inflow
I-2 ~ERS01 Panoche Drain Inflow
I-4 MEP,.506 Agatha Canal @ Mallard Road Inflow
I-6 MERS04 Hamburg Drain Inflow
I-7 MERS05 Camp 13 Slough Inflow
I-8 MERS02 Charleston Drain Inflow
I-9 MER555 Almond Drive Drain Inflow

1-10 MERS09 Rice Drain Inflow
I-12 MER528 Salt Slough Ditch @ Hereford Road Inflow
T-1 MER510 CCID Main @ Russell Avenue Internal Flow
T-5 MERS19 Same Fe Canal @ Henry Miller Road Internal Flow

T-7A MER532 San Luis Canal @ Henry Miller Road Internal How
T-13 MER548 Porter-Blake Bypass Internal Flo~v
O-I MER551 Mud Slough (N) @ Newman Gun Club Outflow
0-2 MER542 Mud Slough (N) downstream of the San Luis Drain Outflow
O-3 MER554 Los Banos Creek @ Highway 140 Outflow
0-4 MER531 Salt Slough @ Lander Avenue Outflow

Location Map in Appendix A

Table 2. Water Quality Monitoring Sites in the Grassland Watershed for Water Year 1997
Map Index* [I RWQCB Site I.D. II             Site Name             II Site Type

I-4 MERS06 Agadm Canal @ Mallard Road Inflow
I-7 MERS05 Camp 13 Slough Inflow
T-5 MER519 Sante Fe Canal @ Henry. bliller Road Intcmal Flow

T-7A MER532 San Luis Canal @ Henry Miller Road Internal Flow
0-2 M ER542 Mud Slough (N) downstream of the San Luis Drain Outflow
0-4 MER53 l S’a.lt Slough @ Lander Avenue Outflow

SLD-I MER562 Inflow to San Luis Drain @ Check 17 Internal Flow
SLD-2 MER535 San Luis Drain @ Terminus Outflow

O-8 MER536 Mud Slough (N) Upstre,’wn of SLD Internal Flow
* Location Map in Appendix B

8
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Table .............3. Water Year 1996 Grassland Watershed Monitoring, Sites. Sampling Frequencies,,        ,: and Parameters. Measured

It

[ ......... Constituent I Dissolved Auto-
SitelD SiteDesc.ripti0n ............ [[Tempi pH[EC ][S~iMoiTE’S[ B [PartMi£i TSS I[... Se [[Samplers

MER_50I Panoche Drain @ O’Banion Gau~,e Station W W W W Q W M b
MERS02 Charleston Drain @ CCID Main Canal W W W W Q W M
MER504 Hamburg Drain near Camp 13 Slough W W W W Q W M
MER505 Camp 13 Slough @ Gauge Station M M M M M M
MER506 Agatha Canal @ Mallard Road M M M M M M
MER509 Rice Drain @ Mallard Road M M M Q Q Q
MER528 Salt Slough Ditch @ Hereford Road M M M Q Q Q
MER555 Almond Drive Drain M M M Q Q Q
MER556 Main (Fir.ebauflh) Drain @ Russell Ave:... W W W W Q W M ....... b
MER_510 CCID Main @ Russell Ave. M M M Q Q Q
MER519 Santa Fe Canal @ Henry Miller Road M M M M M M
,MER532 San Luis Canal @ Henry Miller Road M M M M M M
~ MER548 .,. Porter-Blake Bypass M M M M M M
!MER531 Salt Slough @ Lander Ave. W W W W Q Q w M b
MER542 Mud Slough (N) Downstream of San LuisDrainW W W W Q Q w M b
MER551 Mud Slough @ Newman Gun Club M M M M M M
MER554 Los Banos Creek @ Hwv !40 M M M Q Q Q
w = weekly I= Inflow TE’s: Trace Elements ( Chromium. copper.
.M = monthly T=Intemal flow lead, nickel zinc)
Q = quarterly (October. January. April. and July) O=Outflow Part Min = B, C1. SO4. and Hardness
b = Four day composite samples for Se and B TSS=total suspended solids

Table,0, 4. Water Year 1997 Monitorint~ Sites. Sampling Frequencies: and Parameters Measured: Grasslands Byp.ass pro,lect ....

I I[ Consti u0n I
t Sit~ID [ Site Description [[’Tempi pH I EC ][Se’MoITE’s[ B [
MER5d~ Camp !3 Slough @ Gauee Station [ W W W c
MER506 Agatha Canal @ Mallard Road [ W W W c
MER519 Santa Fe Canal @ Henry Miller Road ! W W W
MER532 Sun kuis CanM @ Henry Miller Road [ W W W
MER536 Mud Slou~h IN) Upqream of San Luis Drain W W ] W W M Q W Q

MER535 San Lui,~ Drain O_’Tcrminu~, W W ¯ W W M Q w . Q . w w .,. a

IM.ER53111          SaltSlou~h @ LanderAve.         11. W W W,     M Q w    Q ~                    b*
¯ discontinued 3/25/97 (See appendices for miscellaneous discontinued site data)
W = ~veekly I= Inflow TE’s: Trace Elements ( Chromium. copper, lead.
M = monthly T=Intemal flow nicke!, zinc)
Q = quarterly tOctobcr. January. April. and July) O=Outflow Part Min = B, CI. SO4. and Hardness
a = daily composite sample for Se and B TSS=total suspended solids
b = Four day composite samples for Se and B
c = u.~cd intermittently between JanuaD" and April 1997
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processing. Selenium, boron, and trace element samples were preserved by lowering the pH to less
than 2 within 24 hours of collection, using reagent grade nitric acid. Mineral samples were kept on ice
until submittal to the laboratory, for analysis.

Composite Automated Samples

In addition to grab samples, four-day composite and daily sampling was conducted at selected sites
through the use of automated Sigma sampling devices. During Water Year 1996, Sigma samplers were
located at Panoche Drain, Firebaugh (Main) Drain, Mud Slough (north) downstream of the terminus of
the San Luis Drain, and Salt Slough at Lander Avenue. Samplers were also intermittently installed at
Camp 13 and Agatha Canal to allow continuous data collection when access roads were inaccessible.
These samplers were phased out during Water Year 1997, as more focus was placed on the impacts
from the discharge from the Grassland Bypass Project. The Panoche Drain and Firebaugh (Main) Drain
autosamplers were discontinued in January 1997. and the Salt Slough, Mud Slough (north). Camp 13
and Agatha Canal autosamplers were removed after 25 March 1997. In exchange, two autosamplers
(one strictly backup) were installed on the San Luis Drain to collect daily composite samples. Each
daily composite is made up of six 85 ml collections pulled at four hour intervals for a total sample
volume of 510 ml. During both water years, autosamplers were sen’iced every two weeks. Both 4-day
composite and daily samples were analyzed for EC, boron and selenium. Quality control and assurance
methods for the autosamplers are discussed below.

QUALITY CONTROL AND QUALITY ASSURANCE

Standard

Potential contamination from the reagent grade nitric acid used to control pH was evaluated by
submitting a deionized water matrix preserved with the normal amount of acid used (1 ml nitric acid
per 500 ml of sample), to the analyzing laboratories at monthly intervals to be analyzed for the trace
elements of cm~cern. All reported recoveries for these acid check samples were below the analytical
detection limit.

Field and handling contamination was evaluated by submitting a travel blank on a monthly basis. The
travel blank consisted of a sample of deionized water which was collected at the Regional Board
laborato~-,,, traveled through the sampling ran, and was then processed with the sample set. All results
for travel blanks tell below the analytical detection limits for the elements of concern.

Additional quality c~mtrol and quality assurance was conducted using blind split and spiked samples.
Blind split samples xvere collected at a ten percent frequency for each sampling event by collecting the
sample in a container double the normal sample votume and splitting that sample into two equal
amounts for submittal to the anal.vzing laboratory. On a monthly basis, half of the blind split samples
were spiked with known concentrations of constituents to be analyzed. Comparing the spiked splits to
the background splits provided information on analytical accuracy. Comparing data from nonspiked
splits provided information on analytical precision.

To evaluate the p~tential for contamination and evapo-concentration in samples collected using
autosampler, a series of special checks were developed. First, whenever the sampler was serviced, a
deionized blank sample, without a cap. was left in the collection base to be collected on the next
se~,icing and analyzed for potential contamination. Second, during each servicing, replicate "grab"
samples were collected through the autosampler mechanism, one was left in the sampler to be collected
at the next servicing and the other was processed for immediate analyses. Final results ¢~f the two grabs
were evaluated to determine concentration or dilution potentials.

During \VY 9-]. samples tbr disst,lved selenium were collected at two locations (MER535 and
MER5621. These samples ,’eqmred field filtration through an 0.45 btm cartridge system. To prevent
and evaluate p;~tential contamination, the equipment was soaked in a two percent nitric acid soluti~m
between u~ages, and rinsed three times in DI water. The new fillers were conditioned at the time of
sampling b.~ allmving the t’irsl 10 ml ~f water passed thmt,gh to be discarded before the remaining
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sample was collected. Approximately quarterly, filter blanks were collected using the Regional Board
laboratory DI water and processing it through the standard equipment used in the field.

Only data from sample sets whose blind QAJQC met specifications outlined in Table 5 have been
included in this report.

Special Studies

With the advent of the Grassland Bypass Project, a number of State and Federal agencies (US Bureau
of Reclamation, US Geological Survey, US Fish and Wildlife Service, California Regional Water
Quality Control Board, and California Department of Fish and Game) became involved in monitoring
potential environmental impacts from the Grassland Bypass Project. A Data Collection and Reporting
Team (DCRT) was formed and chaired by the US Bureau of Reclamation to coordinate activities. This
team intends to utilize information presented by the Regional Board to evaluate water quality impacts
from the project and raised concerns on the following issues:

--complete mixing at Mud Slough (north) downstream of the San Luis Drain discharge;
--field preservation versus laboratory preservation within 24 hours; and
--field versus laboratory filtration for dissolved selenium analyses.

.Complete Mi.x.ing at .Mud Slough (north) Downstreamof the San Luis Drain Discharge

Prior to the initiation of the project, there was concern by some members of the DCRT, that the
proposed sampling location for Mud Slough (north) downstream of the San Luis Drain (the bridge over
Mud Slough [north]) may be too close to the point of discharge to ensure sufficient mixing of the two
flows. To assess the extent of mixing, the Regional Board divided the width of the Mud Slough (no~xh)
into five intervals. On four separate occasions depth integrated samples were collected from the bridge
at each of the intervals and at mid channel; grab samples were also collected from the stream banks.
The four sampling events included the range of seasonal flow conditions. Results from the sampling
are presented in Table 6.

Visual observation of the data shows almost no variability between samples within a sampling event.
Coefficient of variations varied from 1.2 to 5.6 percent. This variation is well within analytical error.
Also. there are no apparent trends in the distribution of selenium concentrations within a stream cross
section. Statistical analysis of the data was not attempted because of the small sample size. From these
results, it is concluded that the flow is sufficiently mixed at this location.

Field versus Lab(~ratorv Preservation

Samples collected for selenium require preservation with acid to a pH of 2. The Regional Board staff
generally acidify samples in the laboratory within 12 hours of sample collection and not more that 24
hours after collection. Field acidification of samples, immediately ’after sample collection, is not
routinely conducted by Regional Board staff due to safety concerns.

A special study was conducted to assess the impacts of delaying sample preservation on sample
integrity. Two paired samplings were conducted in which samples were collected and immediately
split into t~w~ containers by incremental pouring of small volumes and agitating between pourings. One
(~fthe splits ~vas immediately acidified in the field and the other was acidified at a later time as per
standard sample handling p:’~)tocol. A set of samples was collected a!ong the San Luis Drain (Table 7)
m represent a high selenium environment. Another set of samples was collected from the San Joaquin
River at Crows Landing (Table 8) to represent a low selenium environment.

Statistical analysis of the differences of the paired data was conducted. A test for normality according
to’the method of Shapiro and Wik (W test) (Gilber. 1987) demonstrated that the data were not normally
distributed. Thus. a non-parametric technique, the sign test (Helseland Hirsch. 1997) was used to test
the null hypothesis that the probability of x>y is equal to 0.5. where x and y are paired results. The

(
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Table 5. Quality Assurance Tolerance Guidelines Used in the Regional Water Quality
Control Board Agricultural Drainage Monitoring Program.

I[ Recovery Range at II Acceptable S plit/Spik~Constituent Low Levels ~g/L)* Recove~ Range

Copper 1-20 _+ 5 >20 70-130%
Chromium 1-20 +_ 5 >20 70-130%

Lead 5-25 _ 8 >25 60-140%
Molybdenum 1-10 _+ 2 >10 90-I10%

Nickel 5-25 _+ 6 >25 65-135%
Selenium 0.4-10 +_ 0.8 >10 90-110%

Zinc 1-20 +__ 6 >20 70-130%
¯ Boron 50 85-115qt

Chloride 5000 85-115%

* For certain constituents, recovery is expressed as an absolute value rather than a percentage at low levels.
For exmnple, if the result of copper analysis for a particular sample is 10 I.tg/L, a split analysis must fall
between 5 lag/L and 15 lag/L. If the sample is greater than 20 lag/L, recovery is expressed a.s a percent and
must be between 70 and 130~. Ira recovery range is not shown at low levels, the detection limit is given.

Table 6. Assessment of Cross-Channel Mixing at Mud Slough (north) Downstream of the San Luis Drain

Date ’~’vest bank ......,’tab 7-8’ 14-15’ mid-channel 23-28’ 30-35’. east bank grab variation
10/1/96 49.2 49.2 49.5 48.9 49.1 48.9 - 1.2
3/20/97 - 32.8 32.2 32.7 32.4 32.4 -, 1.2
6/27/97 54.6 54.6 54.2 55.8 55.8 56.1 54.6 3.4
9/I 2/97 20.1 20.0 19.3 20.4 19.6 19.3 - 5.6
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Table 7. Study: Lab vs Field Preservation Table 8. Study: Lab vs Field Preservation
Paired Sampling at San Luis Drain Terminus Paired SampLing at Sa, n Joaqnln_R)ver: Crows Landing

Sele,n.!um (ug/L) ..... Selenium lug/L)

Check 19 in Lab in Field I[ East Bank Collected in Lab in Field11.
0.50 "" 62.9 63.0 0.1 ’e~st ban~ " 93b 2.41 2.40
1.00 69.1 69.4 0.3 I0 1110 2.48 2.42 -0.06
1.65 63.6 62.7 -0.9 20 1120 2.42 2.44 0.02
3.33 62.5 61.7 -0.8 30 1126 2.51 2.62 0.1
5.63 63.6 64.3 0.7 40 1131 2.53 2.66 0.13
7.00 61.1 60.2 -0.9 50 1135 2.58 2.60 0.02
9.50 54.1 54.2 0.1 60 1141 2.58 2.61 0.03
10.96 65.1 65.2 0.1 70 1146 2.58 2.54 -0.04
14.16 55.4 55.1 -0.3 80 1151 2.64 2.62 -0.02
14.70 55.2 55.4 0.2 90 1157 2.67 2.63 -0.04
15.20 55.0 55.5 0.5 1 O0 1201 2.64 2.56 -0.08
15.90 57.6 57.2 -0.4 110 1207 2.48 2.58 O. 10
18.00 53.1 52.8 -0.3 West pier 1246 2.66 2.63 -0.03
19.77 64.5 67.4 2.9 center pier 1247 2.63 2.58 -0.05
._.47 116 108 -8.0 east pier 1248 2.58 2.64 0.06
22.62 112 112 0.0 Sigma* 1305 2.65 2.62 -0.03
24.44 91.7 82 -9.7
27.07 83.5 82.2 -1.3 west bank 1415 2.60 2.86 0.26

Mean: -1.0 Mean: 0.0
Standard deviation:     3.0                                                 St, andard deviation:     0.1

" = composite sampler

Table 9. Study: Field vs Lab Filtering

Dissolved Selenium (~/L)
Inflow to SLD Discharge from SLD

Date Field flit. Lab flit. Field flit. I Lab fllt.

11/8/96 61.1 61.8 42.1 43.4
11/19/96 57.0 58.8 75.2 77.3
11/26/96 39.6 42.8 56.4 58.2
12/5/96 - - 31.0 28.8
12/10/96 56.3 54.3 39.0 36.2
12/20/96 80.2 81.0 49.0 51.1
12127/96 91.9 92.0 61.6 63.5
I/9/97 76.6 72.4 34.2 32.4
2/4/97 70.5 70.2 61.8 61.8
2!11/97 96.6 94.2 78.4 78.4
2118197 78.6 89.4 83.2 76.5

SLD = San Luis Drain
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analysis failed to reject the null hypothesis at o~ equal to 0.01. The conclusion is that there is no
difference in selenium concentrations between field and laboratory preserved samples.

Fi,l;1 v.¢r~us Laborat0rs, Filtration

The DCRT developed a coordinated monitoring plan which called for assessing dissolved selenium at
the inflow and outflow of the San Luis Drain. This assessment requires filtering of samples through a
0.45 gm filter and analyzing the filtrate. Generally, this procedure is conducted in the field using a
vacuum system or a peristaltic pump which draws sample through inert tubing into a filter apparatus.
Due to resource limitations and logistical difficulties, the Regional Board did not immediately
implement the collection of this sample. The Regional Board instead submitted the sample to a
contract laboratory for filtration within 24 hours of collection.

A revised filtration method was later suggested. In this revised procedure, a syringe and filter cartridge
apparatus is used to quickly and inexpensively filter samples in the field. This procedure overcame the
resource and logistical limitations and was subsequently implemented by Regional Board staff. The
revised filtration method was evaluated as follows.

T¢~ test the hypothesis of no difference in dissolved selenium concentration between samples filtered in
the field and those filtered in the laboratory within 24-hours of sample collection, results for dissolved
seleniu,n were compared for paired samples filtered in the field and in the laboratory. Results of the
paired results are presented on Table 9.

The difference between the paired samples was tested for normality by the W test. The null hypothesis
that the difference of the paired samples are normally distributed could not be rejected. Thus, the t-test
was used to test the hypothesis that there is no difference between the means. The null hypothesis
could not be rejected and thus. it is concluded that there is no difference between field versus laboratory
(delayed) filtration.

RAINFALL AND DISCHARGE PATTERNS

The San Joaquin River Index. as described in the Water Quality Control Plan for the San Francisco
Ba.v/Sacramento-San Jtmquin Delta Estuary (SWRCB, 1995) is used to classify water year type in the
river basin based on runoff. The 60-20-20 Index includes one "wet" classification, t~vo "nomaal"
classificati~ms (above and below normal), and two "’dry" classifications (dry and critical), for a total of
five water year types. Water years 1996 and 1997 were both classified as "wet" based on runoff
exceeding 3.8 million acre feet.

Nlud Slough (mwth) and Salt Slough are the main water bodies that drain the Grassland Watershed.
Daily fh~\\s in b~th sl~uglas are compared t~ the monthly rainfall at Friant Dam for Water Years 1996
and i 997 ( Figure 2). Water Year 1996 saw flows peak in February and Marcia, while Water Year 1997
sa~v the tlmvs peak in late January due to an unusual 4.60 inches of rain for the month. The peaks and
sustained highs which d~ nor correspond to rainfall events are generally a result of groundwater.
wethmd di.,charges, and surface return flows. In addition, between 3 and 17 April 1996. groundwater
which h:~d accumulated in the San Luis Drain during years of disuse, was released into Mud Slough
(north t under the provisions t~f the National Pollutant Discharge Elimination System (NPDES), Permit
No. CA00S3917. The permitted discharge of the groundwater was a regulator), necessity prior to the
use t~f the drain to transpt~rt agricultural subsurface drainage. A total of 461 acre-feet of water was
discharged m’er the 15-da.v period.

The effects of the opening of the Bypass channel in September 1996, can be clearly seen in the
,.., c,m~paris:~n of flows fl’t~m Ma.v through August in Water Years 1996 and 1997. The bulk of the

.̄ subsurface drainage discharges went throu_oh Salt Slou~h in WY 96. whereas in WY 97. much ~f~l~e
discha,’ge was rerouted thr, mgh Mud Slou~h (north) vi;S the San Luis Drainl High rainfal~\.Y
97 re.,ulted in l,wahzed t’lo~ding ~vhich in turn resulted in the diversion of commingled agricultural
subjurt’,~q~ .a.nd.stmTm drainage flmvs trom the DPA into ~’~6-die.-7~"i~tl:i?ough the Grassland
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Watershed between 27 January and 5 February 1997. An extensive summary of the hydrology of the
Grassland Watershed can be found in Steensen, et al., (1998).

RESULTS

Grab sample water quality results for minerals and trace elements, as well as EC, pH, and temperature
at time of sampling, are listed by site in Appendices A through C. Appendix A includes sites sampled
in Water Year 1996 and Appendix B contains data for the sites sampled throughout Water Year 1997.
All information collected using automated Sigma samplers is presented in Appendix C. The number of
sampling events and the ranges, mean and median values for each measured constituent at each site are
shown in these appendices. Results are presented below by water year. Water Year 1996 has been
divided into results for the inflow, internal flow and outflow sites. Data for Water Year 1997 has been
divided into results for the San Luis Drain and Mud Sloagh (north), and wetland water supply channels
and Salt Slough. Also presented is data from the autosamplers which collected either four day or daily
composites depending on the location (refer to Tables 3 and 4). Tables 10 and 11 list the median
constituent concentrations for all water bodies monitored in the Grassland Watershed for Water Years
1996 and 1997. respectively. Table 12 summarizes annual minimum, mean and maximum EC, boron
and selenium concentrations at locations sampled in the watershed during Water Years 1996 and 1997
and compares flmse values to the average range in concentration during the previous ten water years of
record. The previous ten years of record contained seven critically dry years and three wet years as
determined using the San Joaquin River Index (SWRCB, 1995). Since both Water Years 1996 and
1997 were classitied as wet water years, the previous data record’s summary information, although
presented in full. has also been separated into critically dry years and wet years.

Water Year 1996

Inflow Monitoring Stations

The inflow monitoring stations represent the quality of water entering the grasslands area and include
the following stations: Charleston Drain. Hamburg Drain, Firebaugh (Main) Drain, Panoche Drain,
Ahnond Drive Drain, Rice Drain. Camp 13 Slough. Agatha Canal. and Salt S!ough Ditch. Salt Slough
Ditch at Hereford Road flows into the North Grassland area: the others flow into the South Gra.ssland
area.

.____The highest combined levels of salinity (based on EC). boron, and selenium were fi~und at the Panoche.
¯ ----Hamburg. girebau~h and Charleston Drains (.Table 10). ~ drains pljmarily_~arry subsurface

a~oricultt]-re draina.~e from the DPA. Lower concentrations were recorded for the~fii~ inflow sites
which are not as stmn_olv dominh-~d by p~,q’ace agriculture drainage. The highest EC was recorded
in the Hamburg Dr:tin-oh 1 March 1996~6890 ~mhos/cm) and the highest selenium concentration in
the Firebaugh Drain (162 gg/L.), also on ~M2arch 1996. The highest boron concentrations xvere found
in the Rice Drain. The Rice Drain. sampled on a qum~erly basis in WY 96, had levels of boron ranging
from 5.5 mg/L tt~ 15 mg/L. with the maximum occurring on 25 January 1996, and variable levels
selenium (3.4 t~ 28.4 [.tg!L). Data is too limited to determine if the concentrations at this site followed
seasonal trend.,.

Camp 13 and the Agatha Canal (sampled on a monthly baMs) may carry a combination of supply water
and/or agricultural drainage, therefore water quality fluctuated greatly during Water Year 1996.
Concentrati~ms at the Agatha Canal at Mallard were high in December. January, February and August
(peaking in December with the EC at 4490 lamhos/cm, seleniu~n at 100 lag/I-, and boron at 6.3 mg/L).
Low conc’entrafi~n~ in the Agatha Canal were observed in September and October with the EC at
lamhos/cm, selenmm at 0.9 .ug/L. and boron at 0.12 mg/L. During this time period the Agatha Canal is
used exciu:~vely fur wetland water deliveries. At Camp 13 Slough, EC. boron and selenium levels
were elevated trmll November through July: pmxicularly in November. January and April. The peak
EC occurred m J anuaD, at 4660 [JtllhOs/cm. while boron peaked in November and January at 6.9 mglL.
The maximum .~elemum c~mcentratlun occurred in April at 88.8 tag/L. The lowest concentrations in
Camp 13, wcurred in Septelnber ~vith the EC dropping to 338 gmhos/cm, boron to O. 13 mg/L, and
selenium t~ ~’1.;,; .t~g/L.
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Table 10. Median Constituent Concentrations for Waterways within the Grassland Watershed: Water Year 1996.

Type Stadon (umhos/cm) ~mg/L,,, ug/L [[ mg/L
I *Main (Firebaugh) Drain 2870 3.4 285 1100 48.8 ’~-~ .... -- -- -- -- 720
I *PanocheDrain 4555 7.0 605 1450 76.5 13 ..... 1100
I Agatha Canal 588 2.3 66 97 3.6 ...... 120
I Hamburg Drain 4435 4.7 630 1550 57.8 6 ..... 1600
I Camp 13 3760 5.7 435 1100 57.4 ...... 915
I Charleston Drain 3940 3.5 470 1300 59.8 5 ..... 1000
I Almond Drain 925 0.47 63 98 1.5 ...... 155
I Rice Drain 2590 6.0 290 960 10.1 ...... 600
I Salt Slou,~h @ Hereford 744 0.27 114 103 0.8 .... 7-- -- 200
T CCID Main Canal 558 0.42 23 23 0.9 ...... 86
T Santa Fe Canal @ Henry Miller Rd. 608 0.42 67 96 1.8 ........ 120
T San Luis Canal @ Henry Miller Rd. 653 0.52 74 100 1.8 ...... 140
T Porter-Blake B~,’pass 3155 4.4 330 920 37.8 ...... 730
O Salt Slough @ Lander* ,," 2060 2.0 290 520 16.0 9 12 8 14 <5 26 450
O Mud Slough @ Newman Gun Club,., 1787 1.4 270 330 1.2 ...... 360
O Los Banos Creek ,- 1297 1.2 205 220 0.6 ...... 305
O Mud Slou,~h @ San Luis Drain* ~"’1660 1.2 235 305 1.0 9 7 5 10 .o <5 14 370

--: Not analyzed I = Inflow O = Outflow
*Autosampler 4-day Composite Data for EC. B. and Se only.T = Internal flow

Table 11. Median Constituent Concentrations for Waterways within the Grassland Watershed: Water Year 1997.

EC B CI SO4 Se Mo Cr Cu Ni Pb Zn [Hardnes.,
yp Station (umhos/cm ~me/L u~./L ] mg/L
I Agath’., Canal                          4320.2 55 43 1.2 ...... 87
I Camp 13 520 0.4 64 49 1.6 ...... 30
T !Santa Fe Canal @ Henry Miller Rd. 833 0.83 59 54 2.1 ...... 110
T San Luis Canal @Henrv Miller Rd. 886 0.87 -- -- 2.0 .......
O Salt Slough @ Lander ,~ 1320 0.7 190 200 1.0 7 ..... 290
D Inflow to San Lui,� Drain @ Ck 17 4390 7.5 -- -- 66.4 22 ......
D San Luis Drain @ Terminus ....4330 7.! 460 1300 60.4 26 ..... 1000
B Mud Slough (N) Upstream of SLD-’ 1160 1.0 130 130 0.8 6 ..... 200
O Mud Slough d’,vnstwm of SLD ~" 3100 4.4 195 330 32.4 17 ..... 340
D"llSanLui~Drain@Terminus* II-  42o 7.2 - -116’1.5 .......-’ .... Ii -

--: Not analyzed I = Inflow O = Outflow D = agricultural drainage
*Autosampler Daily Composite Data for EC. B. and Se only.T = Internal flow B = background
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"~ Table 12. Annual Minimurrb Mean, and Maximum Electrical Conductivity, Boron, and Selenium
at ~tonitorlng Sites Within the Grassland Watershed: Water Years 86-95, 96 and 97.

Site ,, .... IlCountl[,, Min [Mean] Max 11 Min [Mean[ Max 11 Min ] Mean] .Max

Firebaugh (Main) Drain @ Russell Ave.
WYs 86-95 334 255 3770 9090 0.12 5.3 23 1.0 65.0 286

WYs 86-95 (critical)_,, 212 2050 3770 9090 1.2 5.3 23 4.0 62.3 286
WYs 86-95 (wet). 115 255 3940 8740 0.12 5.3 18 1.0 71.0 ......224

WY 96 50 1910 3310 6590 2.4 4.0 9.4 23.0 64.0 162
Panoche Drain

’ WYs 86-95 296 26d0 4560 5990- 3.9 7.5 10 1410 75.0 156
WYs 86-95 (critical) 197 2700 4580 5860 3.9 7.5 10 14.0 73.6 156

WYs 86-95 (wet) 92 3000 4640 5990 4.5 7.5 10 22.6 79.9 146
WY 96 48 3440 4520 5380 3.8 7.1 9.4 19.7 79.1 . 137

~amburg D~ain ’
WYs 86-95 318 366 7880 7480 0.19 5.5    9.4    3.8    82.0 201

WYs 86-95 (critical) 205 2900 5070 7100 2.1 5.5 9.0 17.1 88.9 201
WYs 86-95 (wet) 107 366 4610 7480 0.6 5.5 9.4 3.8 72.6 200

WY 96 49 383 4250 6890 0.24 4.7 9.7 1.5 59.5 129
Agatha Canal

WYs 86-95 234 162 3120 8100 0.07    5.0    20    0.8    36.0    116
WYs 86-95 (critical) 153 430 3310 8100 0.10 5.4 20 0.8 37.6 114

WYs 86-95 (wet) 74 162 2770 6600 0.12 4.3 15 1.0 34.0 120
WY 96 12 200 1940 4730 0.12 3.0 6.6 0.9 28.2 100
WY 97 43 187 518 4240 0.11 0.25 0.46 0.5 1.3 3.4

Camp 13 Slou,,h ..........
WYs 86-95      264        266        3550       6700        0.18         5.0           I0           0.9         52.0         144

WYs 86-95 (critic’,d) 185 390 3690 6700 0.22 5.1 10 1.0 53.1 123
WYs 86-95 (wet) 72 266 3320 6510 0.18 4.7 9.3 0.9 50.8 144

WY 96 11 338 3410 4660 0.13 4.9 6.9 0.8 55.9 88.8
WY 97 42 172 822 3760 0.15 1.1 7.1 0.6 2.6 23.4

Charleston Drain
WYs 86-95       246        304        4140      10200      0.15         4.0           24’          1.3          65.0         129

WYs 86-95 (critical) 166 590 4170 10220 0.74 4.0 24 1.9 64.6 125
WYs 86-95 (wet) 75 304 4110 6010 0.15 3.9 7.7 1.3 66.8 129

WY 96 46 553 3600 6370 0.48 3.2 5.4 4.2 53.8 103
Almond Drive Drain

WYs 86-95 149    70     i’560 3530 <0.05    1.4     4.4     0.4     3.4      17
.......... \Vy:, 86-95 (critical) 128 448 1670 3530 0.16 1.5 3.9 0.4 3.5 17

WYs g6-95 (wet) I. 20 70 1050 3230 0.04 1.0 4.4 0.6 2.4 6.1
WY 96 4 220 1110 2700 0.10 0.68 1.7 0.7 3.0 8.4

Rice brain
W;(s 86-95 216 1070’ 2980 7700 0.85    5.9     19     1.0    3.2    36.0

WYs 86-95 (critic’,d) 172 1090 3000 7700 1.6 5.9 18 1.1 3.3 36.0
WYs 86,95 (wet) 36 1070 2950 6900 0.85 5.8 19 1.0 3.0 I0.0

WY 96 4 2050 3100 6300 5.5 8.1 15 3.4 13.0 _8.4
Salt ~lough Ditch.@ Herelbrd Rd. "

WYs 86-95 222 430 1040 1950 0.10 0.35 1.1 <0.4 1.1 ~-_.0
\VY.~ 86-95 (criticzd) 177 680 1090 1950 0.15 0135 0.99 0.4 l.l 22.3

WYs 86-95 (wet) 42 430 907 1600 0.10 0.34 1.1 <0.4 1.0 4.0
WY 96 4 515 836 1260 0.20 0.3 0.34 0.6 1.0 1.7
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~fable 12 continued:                                                                                          .

Countll Min ! Mean! Max II Min I MeanI Max ![ Min 1 Mean[ Max
....IlccID C ’al

:’ WYs 86-95 214’ "50 719 4280 <0.05 0.5 5.8 <0.4 2.2 76.0
WYs 86-95 (critical) 166 590 4180 10220 0.74 4.0 24 1.9 64.8 125.0

WYs 86-95 (wet) 75 304 4111 6010 0.15 3.9 7.7 1.3 66.8 129.0
WY 96 3 56 526 I300 <0.05 0.61 1.3 <0.4 2.3 , 5.2

~anta Fe Ca~al ’"
wYs 86-95 105 318 1440 4090.i 0.19 1.7 5.5 <0.4 10.0 60.0

WYs 86-95 (critical) 41 410 1210 4090 0.22 1.2 5.3 0.3 7.4 59~8
WYs 86-95 (wet) 58 318 1580 3930 0.19 2.0 5.5 1.0 11.0 44.0

WY 96 12 188 675 1450 0.10 0.5 1.3 0,6 2.1 4.7
WY 97 42 339 941 1870 0.24 1.0 2.9 0.8 2.1 3.9

San Luis Cza~al
WYs 86-95 114 330 1690 4850 0.19 2.1 7.4 0.7 15.0 74,0

WYs 86-95 (critical,) 50 486 1220 4010 0.30 1,2 4.9 0.7 7.0 56.6
WYs 86-95 (wet) 64 330 2050 4850 0.19 2.7 7.4 0.8 20.8 74.0

WY 96 12 196 918 3560 0.10 0.82 4.4 0.8 6.5 40.8
WY 97 41 501 973 1840 0.36 1.1 3.3 1.0 2.1 6.2

Porter-Blake B,vpass
WYs 86-95 110 348 3110 4820 0.30 4.4    7.1    1.7 40.6 88.0

WYs86-95 (critical) 66 348 3100 4630 1.06 4.4 7.1 3.4 39.4 77.8
WYs 86-95 (wet) 43 786 3120 4820 0.30 4.5 6.9 1.7 42.4 88.0

WY 96 12 532 2830 3800 0.32 3.8 5.3 2.1 36.7 66.3
~,Iud Slough (N) @ Newman Gun Club

WYs 86-9~ 241 230 3120 7570 0.10 2.8 7.0 0.5 8.4 48.0
WYs 86-95 (critical) 206 909 3300 7570 0.30 2.9 7.0 0.5 9.0 48.0

~,., WYs 86-95 (wet) 35 230 2040 4850 0.10 1.7 4.7 1.0 5.0 34.0
WY 96 12 758 2260 5280 0.50 1.9 8.4 0.6 2.3 15.6

Mud S10u~h (N) @ San Luis Drain
WYs 86-95 288 616 3320 10900 0.06 2.8 7.9 <0.4 7.8 59.0

WYs 86-95 (critical) 340 660 3510 10860 0.20 3.1 7.9 0.4 9.4 50.0
WYs 86-95 (wet) 114 616 2250 7250 0.27 2.0 6.4 0.4 4.1 59.0

WY 96 50 588 1900 5530 0.45 1.5 8.7 <0.4 1.4 11.8
WY 97 46 1150 2870 4930 1 ol 4.1 6.8 5.0 30.7 79.6

Los Banos Creek @’ Highway 140
\VYs 86-95 124 641 2030 7450 0.30 1.6 6.6 <0.4 2.1 30.0

WYs 86-95 (critic’,:d) 98 669 2140 7450 0.30 1.6 6.6... 0.3 2.3 30.0
WYs 86-95 (wet) 25 641 1000 3600 0.33 1.3 2.9 <0.4 1.0 2.0

WY 96 3 509 1260 3350 0.60 1.5 3.0 <0.4 0.6 1.2
Salt Slough @ Lander Ave.

WYs 86-95 472 780 2220 4050 0.30 2.1    5.0    1.0    15.0 44.0
WYs 86-95 (critic’d) 351 1020 2230 4050 0.30 2.0 4.7 0.6 14.6 44.0

WYs 86-95 (wet) 115 780 2240 3970 0.43 2.2 5.0 1.0 16.0 42.0
\\’5" 96 49 1010 2010 3000 0.47 2.0 3.5 1.0 16.0 33.5
\’,,’5" 97 48 922 1370 2000 0.40 0.77 1.8 0.5 1.0 3.4

tnl’low to San Luis Drain @ Check 17
WY 97 48 2620 4460 5600 4.2 7.3 9.0 17.9 65.9 108.0

San Luis Drain @ Tenninu,~
\VY 97 48 2720 4270 5460 4.4 6.8 8.4 17.0 59.3 I07.0

Mud Slough (N) upstream of SLD
(                                 WY 97    ~8     744    1390    2960    0.56     1.2     2.9     <0.4    0.8     1.7 _
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Sit~ Count][ Min [ Mean [ Max II Min ]Mean[ Max ]1 Min ]Mean ], Max
[Autosampler Data (1)

Camp 13 Slough
WY 97    *     122    1030    4630    0.34     3.8     7.7     <0.4    12.4    33.0

Agatha Canal
WY 97    "t"    116    225    809    0.37 0.62    1.0    0.5     1.7    6.8

Panoche Drain
WY 96 85 3050 1530 5580 3.4 7.0 9.2 23.4 79.9 149
WY 97 29 3830 4750 5320 - - - 35.0 72.8 116

~irebaugh (Main) Drain
WY 96 82 1830 3190 5520 2.1 3.8 7.6 25.2 59.7 136
WY 97 25 2290 4110 5550 - - - 28.8 . 72.7 125

Mud Slough (N) @ SLD
WY 96 79 610 1880 5150 0.45 1.4 5.6 0.5 1.7 19.4
WY 97 42 1170 2130 3760 1.3 2.5 6.2 4.5 17.1 50.6

salt s o,; h atLander-Avenue
WY 96 95 886 2020 3170 0.47 2.0 3.0 1.2 16.0 37.8
WY 97 43 960 1440 2070 0.47 1.0 1.9 0.5 1.3 6.3

San Luis Drain @ Terminus
WY 97 344 2620 4390 5880 4.1 7.0 9.3 15.2 62.4 116

Count = the minimum number of analyses out of the three constituents

(1) = All autosamplers except at the San Luis Drain site were removed by April 1997. The San Luis Drain sampler was

installed in September 1996. The Camp 13 and Agatha samplers were operated intermittendy between January and
March 1997.

* = 75 EC, 20 selenium and 8 boron analyses were conducted

~ = 67 EC, 9 selenium mad 4 boron analyses were conducted

Water year type is based on the San Joaquin 60-20-20 River Index as follows:
Critical Water Year: Runoff < 2.1 million ac-ft (WYS 87-92 and 94)
Wet Water Year: Runoff> 3.81 million ac-ft (WYs 86, 93, 95, 96, and 97)
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The Almond Drive Drain, as in previous years, contained low levels of the constituents of concern, as
" ¯ did Salt Slough Ditch at Hereford Road. These sites were sampled on a quarterly schedule and

normally carry either surface tailwater or supply water.

.Internal Flow Monitoring Sites

Four internal flow sites were monitored in WY 96: Santa Fe Canal at Henry Miller Road. San Luis
Canal at Henry Miller Road, and Porter-Blake Bypass on a monthly basis; and CCID Main at Russell
on a quarterly basis. These channels can carry supply water for both agriculture lands and wetland
habitat, as well as transport agricultural tailwater and subsurface drainage. During Water Year 1996,
EC in these ~vater bodies ranged from 56 grnhos/cm to 3800 gmhos/cm, while boron ranged from <0.05
mg/L to 5.3 mg/L (Table 12). Selenium concentration ranged from <0.4 p.g/L to 66.3 gg/L. The lowest
concentrations occurred in the CCID Main at Russell which primarily carries supply water, while the
highest concentrations occurred in the Porter-Blake Bypass, which served as a conduit when subsurface
agricultural drainage was discharged into Salt Slough.

When compared to the previous ten years of available data, the Santa Fe and San Luis sites showed
significant decreases for the constituents of concern, CCID Main remained at approximately the same
level, and Pm~er-Blake concentrations increased.

Outflow Monitorin~ Stations

Four outtlow stations were sampled during Water Year 1996. Salt Slough at Lander Avenue and Mud
Slough (north) downstream of the San Luis Drain were monitored on a weekly basis. Mud Slough
(north) at Newman Gun Club was sampled on a monthly basis, and Los Banos Creek at Highway 140
was sampled on a monthly basis, with boron and selenium analyses only conducted on a quarterly basis.

During Water Year 1996. the majority of subsurface drainage flowed through Salt Slough prior to
discharge into the San Joaquin River. EC, boron, and selenium concentrations ranged from 1010 to
3000 ~tmhos/cm, 0.47 to 9.3 mg/L. and 1.0 to 33.5 gg/L, respectively (Table 12). The highest
concentrations occurred on 5 May 1996. while lowest occurred the first two weeks in November. Mud
Slough (north) at the San Luis Drain and Mud Slough (north) at Newman Gun Club had lower
concentrations {~f b~ron and selenium than Salt Slough, but higher overall ECs. A short term spike in
selenium ct~ncentrations occurred in Mud Slough (north) downstream of the San Luis Drain between 14
and 17 April 1996. during the dewatering of groundwater from the drain in preparation for the
Grassland Bypass Project. During those four day’s, selenium concentrations in Mud Slough (north)
ranged from I0 gg/L to 21 gg/L. Once the discharge ceased, selenium concentration in Mud Slough
(north) dropped back below 2 ug/L.

Los Banos Creek contained consistently low concentrations of EC, boron and selenium, ranging from
509 to 3350 ~mhos/cm. 0.60 to 3.0 mg/L. and <0.4 to 1.2 ~tg/L. respectively.

Comp~site Samples

Four aumsamplers were in place during Water Year 1996. collecting 4-day composite samples at
Panoche Drain. Firebaugh (Main) Drain. Mud Slough (north) and Salt Slough (Figures 3 and 4).
Aumsamplers were also installed intermittently on Camp 13 Slough and the Agatha Canal when
flooding made the site inaccessible (Data presented in Appendix C).

The 4-day ct~mposite information collected at the Panoche and Firebaugh (Main) Drain. demonstrates
not only the overall elevated constituent concentrations at these sites (minimum EC. boron, and
selenium concentrations above 2.000 I.tmhos/cm. 2.5 mg/L. and 25 [.tg/L.. respectively), but also the
variability ~f the concentrations over the season and even within a 4-day period. Even with the few
data gaps that occurred during flood events when the sites could not be accessed for maintenance, the
composite rect~rd provides a more continuous data base than the weekly grab samples for water year
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The composite samplers installed at both Mud Slou_da (north) and Salt Slough, also provide an almost
continuous record of EC, boron and selenium concentrations at the two sites. The Mud Slough (north)
sampler was removed for a short period between the end of February and early March, when high flows
in the slough threatened to submerge the device which was attached to the bridge. EC and boron
concentrations in the two sloughs are comparable with rapid concentration shifts over 4-day periods.
Selenium concentrations in Salt Slough remain quite elevated over Mud Slough (north) concentrations
during the entire water year except for a peak evident in Mud Slough (north) during mid-April which
corresponds to the dewatering of groundwater from the San Luis Drain.

Water Year 1997

With the advent of the Grassland Bypass on 26 September 1996, the focus of the monitoring program
shifted from general evaluation of impacts of agricultural drainage on inflow, internal flow and outflow
water bodies within the Grassland Watershed, to impacts from consolidating discharge of subsurface
drainage into Mud Slough (north) and resulting water quality in wetland water supply channels.

Three new monitoring sites were added in Water Year 199:7. due to the opening of the Grassland
Bypass Project. One was the inflow to the San Luis Drain which represents the water quality in the
Grasslands Bypass. The samples at this site were collected by Panoche Water District on a weekly
schedule at a point on the San Luis Drain downstream of the Grassland Bypass inflow. The second
addition was the San Luis Drain at its terminus prior to discharge into Mud Slough (north). The final
addition. Mud Slough (north) upstream of the San Luis Drain, was added to furnish background data for
the Mud Sl~mgh (north) site prior to the inflow from the San Luis Drain.

Several of the inflow sites monitored during Water Year 1996, were discontinued in Water Year 1997.
The exceptions were Camp 13 Slough and Agatha Canal. Grab samples at these sites were collected by
Panoche Water District. The frequency of sampling was increased from monthly to weekly on 3
November 1996. and automated composite samples were collected from 10 January 1997 to 25 March
1997 due to limited direct access.

Two internal sites were continued in WY 97: Santa Fe and San Luis Canals at Henry Miller Road.
Weekly sampling by Panoche Water District staff began in November 1996. No data is available for
Januar) 1997.

Broth the Satt Slough at Lander Avenue and the Mud Slough (north) at the San Luis Drain sites were
continued during Water Year 1997. The outflow sites on Los Banos Creek and Mud Slough (north) at
Newman Gun Club were discontinued.

Electrical conductivity, boron, and selenium data have been summarized in Tables 11 and 12.
Remaining water quality intbrmation collected during Water Year 1997. is listed in Appendix B.

~..a.n. Luis Drair!. and Mud Slough (north)

Grab samples xvere collected both from the inflow to and discharge from the San Luis Drain and als~
from Mud Slough ~north) upstream and downstream of the discharge from the San Luis Drain. In
addition to EC, boron, and total selenium, dissolved selenium and total suspended solids were analyzed
at both San Luis Drain sites.

Concentratitms at the inflow m and discharge t’ro~n the San Luis Drain were similar (Figure 5). The
discharge’s impact tm Mud Slough (north} was pronounced (Figure 6), particularly after February 1997.
Elevated background concentrations of EC and boron in Mud Slough (north) upstream of the San Luis
Drain discharge (reaching 2960 bwnhos/cm and 2.9 mg/L. respectively) are further exacerbated by tl:e
drainage discharge, with EC and boron concentratitms reaching 4930 lamhos/cm and 6.8 mg/L.
respectively. The greatest impact t~n Mud Slough from the San Luis Drain discharge was on selenium
concentratit~ns. Selenium concentrations in Mud Slough (north) upstream of the discharge were below
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1.7 gg/L: downstream of the discharge, the mean selenium concentration was 30.7/.tg/L with a
maximum of 79.6 lag/L.

A comparison of total versus dissolved selenium concentrations at the two San Luis Drain sites is
presented in Table 13. Concentrations of each sample pair fall within the analytical criteria of
acceptable split samples, indicating that selenium in the drain is in the dissolved (aqueous) form.

Total suspended sediment was analysed on a weekly basis in the inflow to and discharge from the San
Luis Drain. Summary results from the analyses are presented in Table 14 and Figure 7. Complete
analytical results are listed in Appendix B. Total suspended sediment concentrations were consistently
higher in the inflow to the drain than in the discharge from the drain, although actual weekly
concentrations varied widely. Median concentrations in the inflow and discharge were 96 mg/L and 25
mg/L, respectively.

Wetland.Water Supply Channels and Salt Slough

Weekly grab samples were collected at: Camp 13 Ditch and the Agatha Canal, major supply canals for
wetlands within Grassland Water District; the San Luis Canal and Santa Fe Canal at Henry Miller
Road. two internal distribution canals for wetland habitat; and at Salt Slough. a tributary of the San
Joaquin River. During a brief period, between 27 January and 5 February 1997, subsurface agricultural
drainage was diverted into these channels in response to a flood event. Data for this time period have
been presented and discussed in a previous report (USBR, 1997) and are not included in the discussion
below.

EC. boron and selenium data for Camp 13 Slough and Agatha Canal are presented in Figure 8.
Concentrati~ns were consistently higher at Camp 13 than at the Agatha, except for an EC spike
recorded on 4 February 1997, during the tail end of the flood event. EC and boron levels reached their
maximum in early Ap~"il, reaching 3760 gmhos/cm and 7.1 mg/L, respectively, at Camp 13. Selenium
showed a peak of 13.5 gg/L on 7 May 1997, at Camp 13, while the median selenium level was 1.6
/ag/L. On a number of occasions. Camp 13 Slough exceeded 2.0/.tg/L selenium, while the Agatha
Canal reached a maximum of 3.4 gg/L and only exceeded 2.0 p.g/L on five separate occasions.

Concentrations in the internal supply channels, the San Luis and Santa Fe Canals, fluctuated during
Water Year 1997. as depicted in Figure 9. Aside from the storm event, the highest EC and boron
concentrations occma’ed between the end of February and April, a primary period of wetland releases
and pre-ir,’igation. Selenium levels did not demonstrate the same spike; however, concentrations
remained abm, e 2.0/.tg/L for the majority of samples collected from February through September 1997.

The cause t~f the elevated selenium levels for that time period is not readily apparent but may be due to
a number ~t’ difterent factors. Some potential sources include elevated selenium levels in supply water. ->    .
relea.ses t’mm the DPA (both in response to flood events and seepage from gates and canals), inflows~ 2./_"
from other sources such as the Rice Drain and Almond Drive Drain, and local sources such as
groundwater seepage and surface return flows.

To evaluate the potential for elevated selenium concentrations in i~rigation supply water, all available
selenium data since October 1996. for the Delta Mendota Canal. Mendota Pool, and the Central
California Irrigation District (CCID) Main Canal, major water supplies for the Grassland Watershed,
were compiled and listed in Table 15. Although the data set is extremely limited, on a number of
occasions, these sources of supply, water have exceeded 2.0/.tg/L selenium.

During March and early April. 1997. elevated constituent concentrations were noted at Camp 13
Slough. Regional Board staff observation and discussion with Grassland Water District staff confirmed
that xvater t’r~un the blain Drain. ~vhich contained drainage from adjacent flooded farm land. was being
diverted into Camp 13 ditch during this time period. This water was not from farmland participating in
the Grassland Bypass Project and staff from the water district assumed that the flood water was of good
quality. Review of data collected using an automated sampler which was in place at Camp 13 Slough,
until 25 blarch 1997. indicated that the diverted water contained elevated levels of all three constituents
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Table 13. Total vs Dissolved Selenium Concentrations at the Inflow to and Discharge from the San Luis Drain.

Selenium Concentration (ktg/L) Selenium Concentration (~tg/L)
Inflow             Outflow Inflow I[ Outflow

Date Total Dissolved Total Dissolved Date Total Dissolvedl[ Total Dissolved
9/26/96 44.8 46.0L 20.2 19.5L 5/14/97 61.6 57.6
10/3/96 77.4 79.1L 66.8 65.8L 5/15/97 75.2 75.7
10/18/96 38.6 37.5L 43.0 41.8L 5/21/97 65.0 63.6
10/25/96 51.4 49.5 79.8 77.2 5/23/97 64.2 64.6
10/29/96 62.0 61.6 54.6 54.8 5/28/97 58.5 60.6
11/8/96 61.3 61.1 43.2 42.1 5/29/97 62.3 60.9
11/19/96 56.2 57.0 75.8 75.2 6/4/97 52.1 50.6
11/26/96 40.6 39.6 58.9 56.4 6/5/97 72.8 70.4
12/5/96 68.4 " 69.9L 30.1 31.0 6111197 81.0 78.9
12/10/96 38.9 39.0 6!12/97 54.6 55.0
12/20/96 80.4 80.2 49.8 49.0 6/18/97 67.5 63.1
12/27/96 91.7 91.9 60.8 61.6 6/25/97 61.5 60.5 73.3 73.6
1/9/97 78.7 76.6 33.3 34.2 7/2/97 65.8 64.1 59.9 59.8

1/21/97 88.2 84.8 57.0 56.4 7/9/97 40.6 40.5
2/4/97 72.0 70.5 63.6 61.8 7/10/97 34.9 35.0

2/11/97 97.5 96.6 78.4 78.4 7/16/97 54.5 53.0
2/18/97 80.3 78.6 79.7 83.2 7/17/97 37.0 37.0
2/28/97 90.3 86.4 77.6 73.4 7/23/97 40.5 43.5
3/5/97 88.4 91.1 89.3 87.1 7/24/97 41.8 39.5

,,y°..... 3/12/97 76.6 77.2 7/30/97 45.5 44.6
~,,~,,.,~ 3/13/~7 91.8 84.4 7/31/97 43.7 42.4

3119/97 74.5 71.1 8/6/97 53.8 50.4
3/20/97 70.2 70.4 8/7/97 27.9 27.7
3/26/97 67.0 61.0 8/13/97 38.4 39
3/27/97 78.9 78.1 8/14/97 42.3 41.7
4/2/97 93.0 95.8 8/20/97 30.8 30.4
4/3/97 96.2 93.7 8/21/97 31.2 31.0
4/9/97 108 117 8/27/97 55.4 53.7 48.9 47.2

4/10/97 105 102 9/3/97 52.1 49.4
4/1 fi/~7 104 104 9/5/97 23.4 23.3
4/17/~7 107 110 9/10/97 17.9 16.6
4/23/97 1~)1 97.6 9/12/97 17.0 16.4
4/24/97 95.2 93.6 9/17/97 22.8 21.8
5/1/t)7 96.8 96.6 9/18/97 17.1 17.0

_          5/2/97                      72.6     73.7       9/24/97    29.0     28.0
5/7/t)7 73.6 73.0 9/25/97 18.3 18.4
5/8/97 80.3 78.3

L = L:~b filtered
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Table 14. Summarized Total Suspended.Sediment Data for the Inflow to and Discharge from the
San Luis Drain: Water Year 1997

Total Suspended Sediment (mg,/L)
Location .:,,. Count ... Min Max Mean Geo Mean Median

Intlow to San Luis Drain 43 38 190 100 92 96
Discharge from San Luis Drain 44 8 140 28 23 25

Figure 7. Total Suspended Sediment Concentration in the Inflow to and Discharge from the San Luis Drain:
Water Year 1997.

21}{I

1811

160

~ 120

N I O0

¯ :" 80

60

411

2|) ’ ,,",..,, ,’ ", /",...--, "’"

Oct-96 Nov-96 Dec-96 Jan-97 Feb-97 Mar-97 Apt-97 May-97 Jun-97 Jul-97 Aug-97Sep-97 Oct-97 I

Date ,

Discharge -- InflowJ

C--115037
(3-115037





Figure 9. Electrical Conductivity, Boron and Selenium Concentrations in the
San Luis Canal and Santa Fe Canal (Grab Data): Water Year 1997.
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Table 15. Selenium Concentrations in Supply Water to the Grassland Watershed:
October 1996 through September 1997.*

Selenium Concentration
Delta Mendota Canal Mendota Pool CCID Main Canal @

Date MP 110.12 at Mowr~ Bri@.e Head of San Luis Canal
10/2/96 < 1 --

10/14/96 <2
11113196 <1 ~
11/15/96 m 2.9
12/18/96 N 2.4
1/8/97 3 --
1 / 15/97 m <2 <2
2/11/97 18 ~
2/18/97 m <2
3/12/97 13 m
3/I 3/97 ~ <2
4/2/97 2 --

4/16/97 N 4
5/9/97 <2 --

5/15/97 m 4.8
6! 13/97 <2 ~
7/9/97 <2 --

7/11/97 -- 2.2 4

~i i: 8114197 <2 --
~’ 9/16/97 4 --

* = Data provided by Summers Engineering and the Central California Irrigation District ba~ed on internal
monitoring and sampling conducted by the U.S. Bureau of Reclamation.
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of concern. Electrical conductivities reached 4600 grnhos/cm while selenium concentrations peaked at
_. 21.2 btg/L. The automated data confirms the peaks seen during the program’s wee "kly grab samples

(Figure 10). The diversion of the ponded water ceased on 28 March 1997. Additional periods of
elevated concentrations also occurred between April and September 1997. These elevated
concentrations corresponded to a period of very low flow in Camp 13 Slough. Little, if any supply
water was being delivered and the majority of flow was from leaks in the gates separating the slough
from the main supply canal and from major drains. Reports from the San Luis Delta Mendota Water
Authority (SLDMWA, 1997) indicate that between 5 and 10 gpm will leak from the Main Drain into
Camp 13 Slough through the closed gates.

Another potential selenium source to the internal wetland supply canals includes elevated
concentrations in the Rice Drain, which receives drainage from lands in the eastern portion of the
watershed, and the Almond Drive Drain, which receives drainage from lands in the western portion of
the watershed. Although these drains were not monitored during Water Year 1997, historical data
indicates that both drains have contained selenium concentrations in excess of 2.0 btg/L on many
occasions (Figure 11). Sources of drainage into these water bodies needs to be determined.

O~her factors such as elevated concentrations in groundwater seepage and in surface drainage may also
impact the quality of ~vater in the internal canals. Further review of ’all factors related to the elevated
selenium levels in the internal canals within the Grassland Watershed and possible source flows, is
necessary.

Concentrations of electrical conductivity, boron and selenium have all decreased dramatically in Salt
Slough as compared to values recorded prior to the operation of the Grassland Bypass Project (Steensen
et al.. 1998). Concentrations of these three constituents in Salt Slough during Water Year 1997, are
depicted in Figure 12. Electrical conductivity and boron remained below 2,000 btrnhos/cm and 1.8
rag/L, respectively, throughout the water year. Selenium concentration remained below 2.0 btg/L
except for one spike recorded in the first part of February 1997, during the flood event, when
concentrations reached 3.4 gg/L.

Daily Composite Samples

Daily composite samples were collected at the discharge from the San Luis Drain. Some
inconsistencies in the quality control samples for the discharge were noted for the time period of 10
through 21 January 1997. Although the information collected was graphed, the data were not used in
the summary calculations presented in Tables 11 and 12. Daily electrical conductivity, boron and
selenium results are presented in Figure 13 along with grab sample data.

At the San Luis Drain discharge. EC and boron concentrations can vary widely on a daily basis. Daily
EC values vm-y up to 1.000 btmhos/cm in a day. while boron concentrations vary up to 2 mg/L per day.
Some seasonality is evident with concentrations peaking bet~veen February and April and tapering off
from June through September. The results obtained from the grab and autosampler show similar means
and medians of 4390 blmhos/cm and 4420 larruhos/cm, respectively for EC and 7.0 and 7.2 mg/l,
respectively for boron (Tables 11 and 12).

Selenium sho~ved greater seasonal fluctuations than EC or boron. ~vith concentrations peaking in April
at 116 btg/L and dropping off to 15.2 I.tg/L in September. Daily concentration fluctuations could also be
high. with a 40 gg/L shift occurring between 2 and 3 October 1996. Although weekly grab samples
appear to document the seasonal trends and shitting concentrations, they are unable to detect the
potentially large changes in daily concentrations.

DISCUSSION

Comparist~n"of Water Year 1996 with Water Year 1997

When the Grassland Bypass became operational at the end of September 1997, it effectively
c~ns~didated agricultural subsurface drainage fl’om the DPA into a single channel for discharge into the
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Figure 11. Selenium Concentrations in Almond Drive and l~ice Drain: May 1985
to November 1996"
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final six miles of Mud Slough (north). This consolidation removed the subsurface drainage from
approximately 90 miles of internal wetland water supply channels and from Salt Slough.

Figure 14 depicts the changes in EC, boron, and selenium concentrations in Mud Slough (north) and
Salt Slough for the period prior to the Bypass (Water Year 1996) and the first year following the
Bypass operation (Water Year 1997). Both EC and boron concentration declined in Salt Slough and
increased in Mud Slough (north) once the Bypass began operation. The most dramatic change,
however, occurred with selenium concentrations. Removing the agricultural subsurface drainage from
Salt Slough, reduced the selenium concentration to below 2.0 la_~L during Water Year 1997 as opposed
to a range of 1.0 to 33.5 gg/L during Water Year 1996. A corresponding increase was seen in Mud
Slough (north) with selenium concentrations ranging from 5.0 to 79.6 gg/L during Water Year 1997.
When subsurface agricultural drainage is present, the higher overall selenium concentrations obse~’ed
in Mud Slough (north), as compared to Salt Slough, is due to limited dilution potential. Mud Slough
(north) has.aXO._~_~baseline flow and therefore provides less dilution for agricultural subsurface

Concentrations in the wetland xvater supply channels was more variable. Overall concentrations in
Camp 13 Slough and the Agatha Canal decreased dramatically after the Bypass began operation,
however, a number of concentration spikes were apparent throughout Water Year 1997 (Figure 15).
Potential reasons for the concentration spikes include elevated selenium levels in supply water, releases
from the DPA (seepage and flood flows), inflows from other sources such as the Rice Drain and
Almond Drive Drain. and other internal sources such as groundwater seepage and surface return flmvs.
These potential sources were discussed in more detail in the section on wetland water supply channels
and Salt Slough under the results for Water Year 1997.

Concentrations in the San Luis Canal and Santa Fe Canal do not appear to have changed, with similar
values recorded both prior to and after Bypass operation (Figure 16). Most subsurface agricultural
drainage was diverted out of these canals and into Salt Slough through the Porter-Blake Bypass.
upstream of the sampling locations, during water year 1996. Only when subsurface agricultural
drainage was diverted to Mud Slough (north) or continued downstream in the San Luis Canal to the
City Ditch diversion to Salt Slough, would the drainage be measured in these canals at these sampling
locations. By water 3’ear 1997. the majority of subsurface drainage had been consolidated into the
Grassland Bypass and lower portion of the San Luis Drain. and did not reach the two canals except
during fltmd flows.

Comparis~m to Applicable Water Quality Objectives

In October 1988. the Regional Board adopted water quality objectives for boron, molybdenum and
selenium fi~r Mud Slough (north). Salt Slough and \voter used to maintain wetland habitat. In May
1996. the Regional Board adopted revised seleniuln \voter quality objectives for the two sl(mghs and for
wetland xvater supply channels, as well as a compliance tiIne schedule for Mud Slough (nmxh). Water
quality t~bjecti\’es which applied during each water year are listed in Table 16. The selenium
compliance time schedule which applies to Mud Slough (north). does not ~equire full compliance xvith
the selenium (~bjective until 1 October 2010. No water quality objectives have been adopted for the San’
Luis Drain.

TaMes 17 and 18 list the exceedances of boron and selenium water quality objectives, respectively, for
both Water Year 1996 and 1997. All potential selenium exceedances have been shown, whether or not
they may be subject to the compliance time schedule.

The boron water quality objective remained unchanged for both \vater years and only. applied to
water bridles. Mud Slough I no~xh) and Salt Slough. In addition, the objecti~’e (2.0 rag/L) is applied as a
monthly mean fl~t" a set time period: 15 March through 15 September. A maximum ~bjective of 5.8
mg/L boron applies year round.

38

C--115046
(3-115046



6/I 2/96

7/I.3196 WI3/96
7/13~6

X/1306
~

g/13/96 .

2/I 5~6                                12/I 5~6.                                  12/I 5~6

7~0~7 ¯ 7/20~7

9~0D7
g~20~7 .



.~deni..n (~II,)

Ill ~ ~)5 I . : I ; : ¯ ~ -- - t I I I,~’95 ,i r ,
¯ " " " I 1/8/95

12,"):95 ,
[

12~)/95

" I ~/96

2/9/96
3/I 1 ")6

3/11~6
4¢I 1,96                "

4tl It)6                                                                      " " -.             4/I 1/96
502196

’ 7/13/96¯ ’7/13’96 ,- . .’ 7/13~6

g,’13t96 ~,-" "
9,13;96      "

9q 3r)6                                       ~                                                  o      9! 13/96

It1;14~96 ~" 10114~96

3/12/15/978~7       2il 5/973/i ~97 ...........

5/19/97 " : ’ 5’19/97 "

7.’20/97 7.’20;97



12/9195 .                               lll+195~

.... .....

:’- 219196
3,

~
3111196

. - ........... 3111196

~1111~6

611~196

~ 7/13/96g’
~113196

~    9’13~6
I O/l 4~96

II+

12/15~6       "" -
12/15~6

3 ~
2115~7

~.

2/I 5197

~ 5119/97 ¯ 5119~7

6/19~7 6!19~7

7~0~7

~

7~0~7

~, g~0197 ~0~7

9~0~7 9~0~7



Table 16. Boron, Selenium and Molybdenum Water Quality Objectives for Water Bodies Within the Grassland Watershed.
Water Years I996 and 1997.

Bomn (mg/L)        Selenium (~g/L)     [[ Molybdenum, (~g/L)
Water Body Continuous Maximum Continuous Maximum[[ Continuous Maximum

Mud Slough (north)
WY 1996 2.0 (monthly mean)’~ 5.8 10 (monthly mean) 26 19 (monthly mean) 50
WY 1997 2.0 (monthIy mean)t 5.8 5 (4-day average)* 20 19 (monthly mean) 50

Salt Slough
WY 1996 2.0 (monthly mean)t 5.8 10 (monthly mean) 26 19 (monthly mean) 50
WY 1997 2.0 (monthly mean)t 5.8 2 (monthly mean) 20 19 (monthly mean) 50

Wetland Water Supply Channels
WY 1996 -- m 2 (monthly mean)J-J" m -- ~
WY 1997 -- ~ 2 (monthly mean) 20 -- --

f = The water quality objective only applies from 15 March through 15 September
* = Compliance time schedule adopted and in effect until October 2010
~’t = as measured in water used tbr wetland habitat maintenance
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Table 17. Boron Water Quality. Objective Exceedances in the Grassland Watershed: Water Years 1996 and 1997.

}Sta~o~ // Month I Monthiy’

ID [[Description I[.’Oct ] Nov [ Dec [ Ja~ [ Feb ] Mar !’ lay] Jhn I 3ul u~. Sep wOO
Water Year 1996

( MER542 Mud Slough (N) downstream of the SLD a a a a a i~V:ii-:~ii’.i .................... 2.0

MER542 Mud Slough (N) at SLD autosampler a a a a a I 2.0

Water Year 1997

MER531 Salt Slough at Lander Avenue a    a    a    a    a 2.0

~ = water quality objective exceedance a = objective only applies 15 March through 15 September
WQO = water quality objective

Table 18. Selenium Water Quality Objective Exceedances in the Grassland Watershed: Water Years 1996 and 1997.

Station [I Month ..~D Des=riptioo Oct I ,~ov I D~c I Ja. ! F~ I Mar ! ~pr I ~.~ayl Ju. I J~ I *u= I S~WOO
Water Year 1996

I MER506 Agatha Canal b b b b b b b I b b 2
MER543 San Luis Canalat Henry Miller Road b b b b b b b 1 b b 2

!IMER519 Santa Fe Canal at Henry Miller Road b b b b b b b } b b 2
MER551 Mud Slough (N) at Newman Gun Club i I0
MER542 Mud Slough iN) at San Luis Drain ! 10

MER5421 Mud Slough (N) at SLD autosampler [ 10

Water Year 1997

MER551 Mud Slough (NI upstrm of the Drainage Discharge [ 5

MER531 Salt Slough at Lander AVenue ~ 2

i!.!!)!i?!ili})ii)!s)}:!!i!iii!::il = water quality objective exceedance ND = no data available WQO = water qualit?’ objective

b = the 2 ug/L objective only applied to wetland water supply so applied to wetland floodup (Sept. through Nov.)

Note that Table 17 is for discussion only as a compliance time schedule applies to the 5 p.g/L 4-day average Se water quality objective
Begimting WY97, the 2 ug/L objective applied to stations MERS31, MER505, MER506, MER543, and MER519

Table 19. Montldy Molybdenum Concentrations and Water Quality Objective Exceedances in the Grassland Watershed:
XVater Years 1996 and 1997

! Stati,,~ ] Molybdenum Concent/atio’n ~u~,~-~ ’ ’
~ ID Description Oct ] Nov ] Dec ] Jan’l Feb ] 4 ~p ~ay~’ J~, J,~ ’1 ~"g ! S~p I! ,V~O" I

Water Year 1996
~ 31 20 ~ ~ ~ 7 naMER556 ]Main tFirebaughl Drain at Russell Ave. 45

MERS04 }Hambure Drain near Camp 13 Slough 7 }
~

7 na
MER502 ’Charleston Drain at CCID Main Canal 2 [ ~ ~ 5 5 na
MER542~MudSlou~hlN~downstreamoftheSLD 7 [ ~ . ~ 6 ~ . ~ [ 10 I1 19
MER531[INMtNl,~u~h. a(L~nderAve. 6 ~ ~ . ~ 9 t 9 ’ ~ ~. ’. 10 19

Water Year 1997
MER536 lMud Slough INI upstrm of the Drainage Discharge 7

I ~
3 3 ~ 7 I 1 5 7 ~ 3 5 10     19

MER535 ~San Luis Drain at the Ter~nus 35 30 23 22 27 29 26 23 26 I 25 25 35 na
MER542 IMud Slou~h tN~dwnstrmofthe Drainage Discharge11 } 8 3 6 ~i~:~ 17 ~i~::~i~i~ 17 ~J:~::~ 16 ~:.~ ::~0:~~ 19

MER531 ~’,Salt Sh,u~h at Lander Avenue 4 4 7 7 7 7 10 6 9 5 5 9 19

[:::::.::;i:.?~-~?.~i::::> ~ = wawr qu~fiU’ objective exceedance ~ = no data available na = no water quaffW objective IWQO) for this site
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During Water Year 1996, the mean monthly boron water quality objective was exceeded during April
and September in Mud Slough (north) based on weekly grab samples. However, when evaluated using
4-day composite data for the same site, monthly mean boron concentrations remained below the 2.0
mg/L objective. In contrast, the boron objective was exceeded continuously from April through July in
Salt Slough, based on the weekly grab samples. Review of the 4.-day composite information indicates
that the objective was also exceeded in March 1996, but concentrations fell just below 2.0 m_mq_, in
April. Maximum boron concentrations remained below 5.8 mg/L in both sloughs.

During Water Year 1997, the mean monthly boron objective was exceeded in Mud Slough (north) both
upstream and downstream of the San Luis Drain discharge. The exceedances upstream of the discharge
may be due to a number of factors including localized elevated levels in groundwater seepage, releases
from wetlands, and other surface drainage. Exceedances in the slough downstream of the discharge
increased substantially over both background and previous year concentrations, with exceedances
during each month that the water quality objective applied. Maximum boron concentrations in Mud
Slough (north) downstream of the San Luis Drain discharge exceeded 5.8 mg/L on nine separate
occations between April and August 1997. Only one mean monthly boron exceedance was recorded in
Salt Slough which may reflect the diversion of subsurface agricultural drainage out of that water body.
This exceedance was related to the storm event previously discussed. All measured concentrations in
Salt Slough remained below 5.8 mg[L during Water Year 1997.

Selenium

Selenium water quality objectives for water bodies within the Grassland Watershed changed between
water years 1996 and 1997 with the adoption of the 1996 Basin Plan Amendment. During Water Year
1996. a 10 [.tg/L monthly mean selenium objective applied to both Mud Slough (north) and Salt Slough.
while a 2 ggFL objective applied to water which was used to maintain wetland habitat. The new
objectives, which were adopted in May 1996 and went into effect during Water Year 1997, included a 2
lag/L monthly mean selenium objective for all wetland water supply channels (not just the supply
water) and Salt Slough. A 5 lag/L, 4-day average objective was adopted for Mud Slough (north) along
with a cornpliance time schedule which requires that the objective be met by 1 October 2010.

During Wa~er Year 1996, the 2 gg/L selenium objective applied primarily from September through
November. the normal period of wetland floodup. Of the supply waters sampled, only Camp 13

’ exceeded the 2 tag/L objective. The exceedances occurred during October and November and were
likely due to the use of the channel to convey subsurface agricultural drainage through the Grassland
’Watershed. Most of the subsurface drainage was routed to Salt Slough during Water Year 1996, which
resulted in continuous exceedances of the 10 lag/L selenium objective in that water body from
December through September. Available 4-day composite data tbr Salt Slough confirmed the
exceedances. In contrast. Mud Slough (north) remained below the 10 lag/L selenium objective
throughout Water Year 1996.

During Water Year 1997. the 2.0 lag/L monthly mean selenium water quality objective was exceeded
repeatedly in the supply channels (Camp 13. Agatha. San Luis Canal and Santa Fe Canal), but not in
Salt Slough. As discussed earlier, a number of factors may have led to these exceedances and each
must be fm’ther evaluated to determine a means of meeting the water quality objective.

Although subject to the adopted compliance time schedule, Mud Slough (north) was evaluated against
the 5 lag&. 4-day average selenium water quality objective. Mud Slough (north) downstream of the
San Luis D,’ain Discharge continuously exceeded the objective in Water Year 1997. while there were
no exceedances upstream of the disch~{rge.

~ h,lybdenum

Mol.vbdenum analyses in water bodies within the Grassland Watershed were restricted to quarterly
analyses in selected drains. Mud Slough (north) and Salt Slough during Water Year 1996. During
Water Year 1997. molybdenum monitoring was focused on sites which would likely be influenced by
the Grassland Bypass Project and included monthly analyses in Mud Slough (ninth) upstream and
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downstream of the San Luis Drain discharge, the San Luis Drain itself, and Salt Slough. Available data
is presented in Table 19.

During Water Year 1996, the monthly mean molybdenum objective (19 lag/L) only applied to Mud
Slough (north) and Salt Slough, and was not exceeded based on limited, quarterly grab samples.
Although the objective did not apply to upstream water bodies, information collected from the four
major discharge points for the Drainage Project Area indicated elevated molybdenum concentrations in
the Main (Firebaugh) Drain.

During Water Year 1997, molybdenum concentrations in Mud Slough (north) upstream of the San Luis
Drain discharge and in Salt Slough resembled those recorded in Water Year 1996 and did not exceed
the 19 gg/L objective. While no objective applied to the drain itself, molybdenum concentrations in the
discharge were elevated, ranging from 22 gg/L to 35 jag/L. This discharge did impact the water quality
in the downstream segment of Mud Slough (north), elevating molybdenum concentrations over
background (upstream) concentrations. The 19 lag!L molybdenum objective was exceeded on five
separate occasions at the downstream location: in February, April, June, August and September.

LOADS OF SALT, BORON AND SELENIUM

Salt. boron, and selenium loads for the Drainage Project Area (DPA), Grassland Bypass Project (GBP),
and the Grassland Watershed were estimated based upon the flow weighted monthly average of the
available water quality data. In Water Year 1997, loads that previously had to be summed for individual
sites in the DPA were consolidated into the San Luis Drain as part of the GBP. Discharge and loads
fi’om the DPA for Water Year 1997 are therefore based on discharge and loads from the GBP.
~ d~t~ fnrthe._D_PA obtained for the individua! water districts was provided by Joe McGahan
(personal communication). Discharge and electrical conductivity data for the Grassland Bypass Project
was obtained fi’om the USBR (Nigel Quinn. personal communication). Preliminary daily discharge data
and daily electrical conductivity for the two Grassland Watershed outflow sites. Mud Slough (north)
and Salt Slough. were obtained from the USGS (Pat Shifter, personal communication). Salt loads for.,/
the GBP and the Grassland Watershed sites are based upon daily electrical conductivity and flow
measurements. Salt loads for the DPA are based upon laboratory measurement of electrical
conductivity for grab samples and automatic Sigma’~’ samples collected by Regional Board staff. Boron
and selenium loads are also based upon combined grab and automatic Sigmg"~ automatic sample data
fi~r the DPA and GBP sites. Only grab samples were collected and used for the Grassland Watershed
sites, during Water Year 1997. The methodology used to calculate loads can be found Grober et al.,
1998. Raw data used to present loads have been tabulated and are available in hard copy from the
Regional B~mrd’s Sacramento office. This information can also be found at the Regional Board web
site. Follmv the links to view or download files from:

http ://www.swrcb.ca.gov/-rwqcb5/home.htrnl

The tabulated flow and ~vater quality data used to compute loads for Water Years 1986 through 1997
are presented chronologically. Each year of data is comprised of four data tables; the first table
c~mtains mean daily flow data: the second, third and fourth contain electrical conductivity (EC). boron
and selenium data. respectively. Additionally. EC. boron, and selenium data are presented for five
SigmaTM automatic sampler sites for Water Years 1995.1996 and 1997. Matrices are sparsely filled for
st~me water quality data.

Fear Water Year 1996. mean daily flow data is available for Panoche Drain and Firebaugh Main Drain.
Only mean m¢~nthly flow data is available for Pacheco Drain. Charleston Drain, and CCID diversions.
Full’matrices of mean dailv flows for these sites are based on mean monthly flow estimates (Summers
Engineering. Inc.. 1996). ]=low data for the Grassland Bypass Project for Water Year 1997 was
t~btained from the USBR (Nigel Quinn. personal communication). Mean daily flow for Mud Slough
(nt~rth). and Salt Slough for Water Years 1996 and 1997 were obtained frorfi the United States
Geological Survey (Pat Shifter. personal communication. 1997).
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EC data for drains in the DPA are based on water quality samples collected by the Regional Board and
by districts in the DPA. glean daily EC data for the GBP was obtained from continuous EC recorders
maintained by the USBR (Nigel Quinn, personal communication). EC data for Mud Slough (north).
and Salt Slough are mean daily values obtained from continuous EC recorders maintained by the USGS
(Pat Shifter, personal communication, 1997). Consolidated boron and selenium concentration data
presented here are from samples collected and analyzed by the Regional Board.

Monthly discharge and monthly flow weighted average concentrations and loads for the DPA were
calculated for Water Year 1996 and 1997 (Table 20). Monthly discharge and monthly flow weighted
average concentrations and loads for 1996 and 1997 for the Grassland Watershed are based on the
combined discharge and loads for Mud Slough (north) and Salt Slough (Table 21). Annual discharge
from the DPA dropped 30 percent from approximately 53,000 acre-feet in 1996 to approximately

~" 37.500 acre-feet in 1997. Annual salt load for the DPA also dropped 30 percent from just under
200.000 tons in 1996 to 140,000 tons in 1997. Boron loads were practically identical for both years at
just over 700,000 pounds. Selenium loads from the DPA dropped 30 percent from approximately
10.000 pounds in Water Year 1996, to under 7,000 pounds in Water Ye.ar 1997.

Annual discharge in the Grassland Watershed was similar in both years, increasing slightly from
approximately 270.000 acre-feet in 1996 to approximately 290,000 acre-feet in 1997. Annual salt load

.... for the Grassland Watershed was similar tbr both years, dropping from just over 475.000 tons to just
..... under 450.000 tons, while boron loads increased from approximately 1.3 million pounds to 1.4 million

pounds between 1996 and 1997. Selenium loads dropped almost 20 percent, from 9,50(I pounds in
1996 to 7.700 pounds in 1997. Althoug.h the DPA contributes large quantities o_f__salt and boron, it is
not the only source of these constitih-e-fii~-ii~-~h~-b-~frU-The-DP-A~,-h--6~e-V~, t-’he primary source of
selenium in the Grassland Watershed. A higher selenium load was in fact calculated for the DPA than
the Grassland Watershed in Water Year 1996. This discrepancy may be due to losses in the system or
an overestimate of loads from the DPA or underestimates for the Grassland Watershed. For a full
discussion of possible calculation errors or system losses see Grober et al. 1998. In 1997. the DPA
accounted fl~r 90 percent of the selenium load in the Grassland Watershed.

Monthly loads of salt for the DPA and Grassland Watershed are shown in Figure 17. Figures 18 and 19
show the monthly loads of boron and selenium, respectively. The overall pattern of loading tbr each
area was similar in Water Years 1996 to 1907. Monthly salt loads from the DPA were higher in 1996
than 1997 f~u" all months except January. Sinfilarly. sol} loads were also higher for the February
through September period of 1996 than 1997 in the Grassland Watershed. Salt loads in the Grassland
Watershed \vere higher during the October through January period of 1997 than 1996, particularly in
Januarv. This January peak in salt loads in the Grassland Watershed is attributable to extremely high
flood t:l~,ws. January to Ma.v boron loads fl’om the GBP \vere slightly higher in 1997 than 1996. From
June thr,.~ugh September. boron loads were slightly lower in 1997. A similar trend is evident
downstream for the Grassland Watershed. although boron loads were slightly higher in the October to
December period of 1997. Once again there was markedly higher boron loading during the extremely
wet January of 1997 xvhen compared to 1996. Selenium loads from the DPA were higher for all
months of "1996 than 1997 except for April. Selenium loads in the Grassland Watershed were also
higher for all months of 1996 than 1997 except for October. January, April. and May.

Figure 20 shmvs the annual discharge for the combined Grassland Watershed outflow sites, Mud
Slough (north~ and Salt Slough. and for the DPA. for Water Years 1985 through 1997. Figures 21
through 23 depict the annual salt. boron, and selenium loads from the two areas for the same time
period. Di.._~s.cjr.arg¢_.f~d~.t.he DPA and Gra.~sland Wilt.ershed for Water Years 1996 and 1997 wns similar to
Water Year 1995. another wet 3"ear. bu~ significantly hi_.qher than 1991 through 1994. Water Year 1995
~vas the first wet xear follo~ving several dry and critically dry years. High loads of all constituents in

i 1995 likely result’ed from the leaching of salts that had accumulated in the basin during previous years.
~._.4_ Gen~r.l.~_~ads_of all constituents in 1996 and 199_7..3.xas~ "ke.l.N due t~ lower residual salt loads in
..-. ¯ the Grassland Watershed fi~llowin,.z,, a ser~es ot ~-~t years. Markedly. lower.selenium loads from the

~ DPA are als~ attributable t~ district rec.vcling and other water conservatit~n and drainage reduction
methods that were initiated in t997 m reduce selenimn ltmds as part of the G~assland Bypass Project.
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Table 20. Monthly and Annual Discharge and Salt, Boron and Selenium Loads and
Flow Weighted Concentrations for the Drainage Project Area:
Water Years 1996 and 1997.

Water Year 1996 II Loads Flow,.Wei.g.hted Conc.
Month Flow (af) [[ Se (lbs) [ B (1000 Ibs) TDS (tons) Se (ppb) ~ B (ppm) [ TDS (ppm)
Oct-95 1,911 313 27 6,346 60.2 5.12 2,442
Nov-95 2,192 324 29 7,017 54.3 4.87 2,354
Dec-95 2,586 578 35 9,053 82.2 4.98 2,575
Jan-96 2,647 687 44 11,148 95.4 6.10 3,097
Feb-96 5,664 1,247 78 25,872 80.9 5.09 3,359
Mar-96 4,620 1,324 67 21,107 105.4 5.32 3,359
Apr-96 4,641 1,243 73 19,431 98.5 5.81 3,079
May-96 5,626 1,145 76 22,050 74.8 4.98 2,882
Jun-96 6,825 977 89 23,387 52.6 4.78 2,520
Jul-96 6,671 992 90 23,147 54.7 4.96 2,551

Aug-96 6,339 747 74 18,758 43.3 4.32 2,176
Sep-96 3,255 459 41 10,210 51.8 4.63 2,307

WY 96Total 52,978.. !0,034 723 197,526 69.6 5.02 2,742

Month Flow (af) B (1000 Ibs) TDS (tons) Se (ppb) [ B (ppm) [ TDS (ppm)
Oct-96 1,276 202 25 4,247 58.3 7.10 2,448 -
Nov-96 1,569 252 29 5,066 59.0 6.73 2,375
Dec-96 1,946 285 38 6,718 53.9 7.18 2,539
Jan-97 3,’/02 599 65 12,926 59.5 6.47 2,568
Feb-97 4,172 878 89 17,139 77.3 7.80 3,021
Mar-97 4,875 1,119 93 19,191 84.4 6.98 2,895-
Apt-97 4,452 1,280 89 18,886 105.7 7.35 3,120
May-97 4,214 849 85 16,804 74.1 7.39 2,932
Jun-97 3,457 611 74 13,529 65.0 7.85 2,878
Jul-97 3,276 428 69 11,619 48.0 7.71 2,608

Aug-97 3,158 348 54 9,807 40.5 6.30 2,283
Sep-97 1,444 109 21 4,132 27.7 5.33 2,103 --

WY 97 Total 37,541 6,959 729 140.063 68.2 7.14 2.744
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Table 21. Monthly and Annual Discharge and Salt, Boron and Selenium Loads and
Flow Weighted Concentrations for the Grassland Watershed:
Water Years 1996 and 1997.

Water Year 1996 !1 1~ Loads     Flow Weighed Conc.

Mon~ How (~3 B (1000 lbs) TDS (~ns) Se (ppb) [ B (ppm) [ TDS (ppm)

Oct-95 13821 248 40 15696 6.6 1.05 835
Nov-95 15894 319 56 22450 7.4 1.30 1039
Dec-95 22033 538 94 36391 9.0 1.56 1215
Jan-96 17621 625 97 37333 13.0 2.03 1558
Feb-96 47067 1466 210 80753 11.5 1.64 1262
Mar-96 43499 1451 215 83854 12.3 1.81 1418
Apr-96 19991 911 109 40429 16.7 2.00 1487
May-96 17007 851 88 31194 18.4 1.91 1349
Jun-96 17365 906 109 38354 19.2 2.30 1624
Jul-96 18650 956 123 36708 18.8 2.42 1447
Aug-96 21074 749 94 34444 13.1 1.65 1202
Sep-96 13927 470 66 20120 12.4 1.74 1062

WY 96 Tot~ 267948 9491 1299 477725 13.0 1.78 1311

Water Year 1997 I Loads Flow Weighed Conc.
.~-". Mon~ [     Flow (af) Se (lbs) [ B (1000 Ibs) TDS (runs)Se (ppb) ] B (ppm) [ TDS (ppm)
k,,, Oct-96 13566 279 52 18084 7.6 1.42 980

Nov-96 23296 302 82 29742 4.8 1.30 939
Dec-96 31885 355 112 43003 4.1 1.30 992
Jan-97 59661 833 214 80247 5.1 1.32 989
Feb-97 40336 1055 211 69194 9.6 1.92 1261
Mar-97 32632 1169 180 57205 13.2 2.03 1289
Apt-97 15999 1205 126 39133 27.7 2.91 1799
May-97 16225 859 110 30740 19.5 2.49 1393
Jun-97 14030 586 93 26449 15.4 2.44 1386
Jul-97 15410 504 99 23926 12.0 2.37 1142
Aug-97 16021 437 80 20405 10.0 1.83 937
Sep-97 9193 138 35 10219 5.5 1.41 817

WY 97 To~l 288253 7722 1396 448347 9.8 1.78 1144
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Figure 17. Monthly Salt Loads Discharged from the Drainage Project
Area and the Grassland Watershed, Water Years 1996 and 1997
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Figure 18. Monthly Boron Loads Discharged from the Drainage Project
Area and the Grassland Watershed, Water Years 1996 and 1997
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Figure 19. Monthly Selenium Loads Discharged from the Drainage Project
Area and the Grassland Watershed, Water Years 1996 and 1997
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Figure 20. Annual Discharge from the Drainage Project Area and
the Grassland Watershed, Water Years 1986 through 1997
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Figure 21. Annual Salt Load from the Drainage Project Area and
the Grassland Watershed, Water Years 1986 through 1997
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Figure 22. Annual Boron Load from the Drainage Project Area and
the Grassland Watershed, Water Years 1986 through 1997
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Figure 23. Annual Selenium Load from the Drainage Project Area and
the Grassland Watershed, Water Years 1986 through 1997
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APPENDIX A

Water Quality Data for Grab Samples: Water Year 1996

Map .Index RWQCB Site I.D. Site Name Pag, e
I-1 /v~ER556 Main (Firebaugh) Drain @ Russel Ave. 61
I-2 !viPERS01 Panoche Drain 62
I-4 MER506 Agatha Canal @ Mallard Road 63
1-6 !vtER504 Hamburg Drain 64
I-7 MER505 Camp 13 Slough 65
I-8 MER502 Charleston Drain 66
1-9 MER555 Almond Drive Drain 67

I- 10 MER509 Rice Drain 68
I- 12 MER528 Salt Slough Ditch @ Hereford Road 69
T-1 MER510 CCID Main @ Russell Avenue 70
T-5 MER519 Sante Fe Canal @ Henry Miller Road 71

T-7A MER532 San Luis Canal @ Henry Miller Road 72
T- 13 MER548 Porter-Blake Bypass 73
O-1 MER551 Mud Slough (N) @ Newman Gun Club 74
0-2 MER542 Mud Slough (N) @ San Luis Drain 75
0-3 MER554 Los Banos Creek @ Highway 140 76
0-4 MER531 Salt Slou~,h @ Lander Avenue 77

Legend of Abbreviations
EC Electrical Conductivity
Se Selenium
Mo Molybdenum
Cr Chromium
Cu Copper
Ni Nickel
Pb Lead
Zn Zinc
B Boron
CI Chlorine
SO4 Sulfate
HDNS Hardness
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Figure A- 1

Grassland Area of
Western Merced County

o-1 Water Year 1996 Monitoring Sites

152

LOS BAN(

1-10
DOS PALOS
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Main fFlrebaugh) Drain at Russel Avenue (MER556)
Location:Latitude: 36°55’27". Longitude 120°39’II% In SW 1/4. SW 1/4, SW 114, Se¢. 34, T.11S.,1LI2E.

East side of Russel Avenue, 2.7 miles south of Dos Palos.
,.-. Temp EC Se Mo B CI SO4 IqDNS Ca Mg

lO/6/95 sl 5 7.6 3950 72.9 4.9
10/12/95 803 64 7.5 1940 30.0 2.7
10/18/95 812 64 7.8 2580 37.9 3.5
10/27/95 1045 NA 8.0 4200 41.0 45 5.3 450 1600 1120 280 103
11/3!95 811 59 7.8 3280 40.2 4.2
11/9/95 851 60 8.3 2220 27.1 2.9
11/20/95 806 59 8.0 2410 29.4 3.2
11/27/95 846 52 7.9 3320 57.8 4.7 290 1200 910 220 88
12/8/95 932 58 8.1 2590 52.2 3.1
12/18/95 930 NA 8.0 3080 62.0 4.1
1 ~22/95 850 48 8.1 3680 80.4 5.1
12/28/95 1105 50 8.0 2720 52.8 3.4 240 980 NA 170 73
1/4/96 1020 50 8.3 6590 161 9.4
1 l11/96 908 52 8.4 3940 78.0 4.5
1/18/96 1041 50 8.4 4490 114 5.2
I a5/96 1029 52 7.9 3660 77.0 31 5.0 350 1200 720 180 67
2~/96 948 56 7.9 3370 58.0 3.0
2/9/96 NA NA NA NA NA NA
2/16/96 754 61 7.7 4680 89.6 4.5
2D_3/96 1001 56 7.9 4810 101 5.2 490 1700 950 234 88
3/I/96 926 52 8.1 6120 162 6.8
318/96 910 60 8.3 4570 104 4.8

3118/96 1600 70 7.9 5380 138 6.1
3/21/96 845 66 7.8 5610 146 5.8
30_8/96 930 62 7.9 3960 108 4.6 450 1400 910 219 87
4/3/96 942 61 6.8 4610 120 5.1
4/12/96 934 62 7.6 4110 96.6 4.5

.k:,.::¢~, / 4/19/96 840 60 8.1 3220 74.2 3.8
4~5/96 lO00 66 8.1 3480 75.4 20 4.3 320 1200 770 187 74
5/3/96 828 69 7.7 4400 119 5.6
5,10/96 910 63 7.9 3050 51.5 2.8
5/16/96 1030 67 7.6 2560 44.0 2.4
5/24/96 950 60 7.8 2750 42.8 3.3
5/30/96 940 68 7.9 2820 50.2 3.2 260 870 650 156 62
6/6/96 1020 74 7.6 2640 35.6 3.3

6/13/96 /’;52 69 7.8 2220 30.4 2.7
6119,’96 900 72 7.7 2640 37.7 3.5
6/27/96 1040 68 7.8 3110 50.7 3.5 280 990 690 170 64
7/2/96 920 80 7.7 3320 60.4 3.7

7/11/96 815 76 7.6 2870 44.1 3.8
7/19/96 854 69 7.7 1910 23.0 2.6
7/25/96 950 79 7.7 1990 27.2 7 2.6 160 620 460 110 46
~,/2/96 940 76 8.1 2100 29.4 2.7
8/8/96 950 74 7.4 1930 28.2 2.4
8/15/96 830 78 7.7 2040 25.7 2.6
8/23/96 849 72 7.9 1960 29.8 2.6
8128196 1015 74 7.8 2310 30.2 2.5 200 650 460 100 51
9/5/96 931 68 7.8 2690 48.4 3.7
’4/12/96 1101 67 7.7 2650 44.0 3.5
9/17/96 940 62 8.2 1940 28.1 2.5
9/2-6/96 1120 68 7.7 2930 31.7 2.8 280 900 550 130 55

Count 48 50 50 50 4 50 12 12 11 12 12
Min 48 6.8 1910 23.0 7 2.4 160 620 460 100 46
Max 80 8.4 6590 162 45 9.4 490 1700 1120 280 103

i"" "         Mean 64 7.8 3310 64.0 26 4.0 314 1109 745 180 72
-- G¢o Mean 63 7.8 3130 54.8 21 3.8 299 1060 716 172 70

Median 64 7.8 3060 51.1 26 3.6 285 1095 720 175 70

61

C--115069
C-115069



Panoche Drain at O’Banion Gauge Station (’MElt501)
Location:Latitude 36°55’14’’. Longitude 120°41’43". In SW 1/4, SW 1/4. SW 1/4, See. 32, T.11S., IL12E. Located 0.5 miles

south of CCID Main Canal, 1.9 miles west of Russd Road. 5.5 miles SW of Dos Palos. 3.4 miles SW of South Dos
Temp                   EC        Se      Mo      B      CI     SO4 HDNS    Ca     Mg

Date ’I’lme °F pH ~un]:lo~l(::m ¯ ~.R/L ~g/I., ~ ~ ~ mg/L . n:~,/L... ~
10/6/95 910 60 7.7 4390 19.7 7.3

10/1 o../95 826 61 7.3 5380 26.2 9.3
10/18/95 902 64 7.5 4920 80.6 8.2
10/27i95 1110 NA 8.5 4990 104 13 7.8 680 1600 1180 300 105
11/3/95 847 60 7.9 3790 55.8 6.0
11/9/95 905 60 8.1 4230 80.6 6.4

11/20/95 853 58 7.9 3440 61.4 5.1
11/27/95 858 52 8.0 3700 62.4 5.4 490 1100 1100 280 87
12/8/95 1010 58 7.9 3620 71.7 5.2
1 2/18/95 NA NA NA NA NA NA
1 2/22115 930 49 8.0 4430 ! 03 8.1
12/2.8/95 1121 54 8.7 5200 137 7.3 710 1700 NA 380 110

1/4/96 1040 52 7.7 5020 40.4 7.1
1/11/96 923 52 8.0 5140 124 7.3
1/18/96 I 155 52 8.1 4450 104 6.4
1~5/96 1059 52 7.7 4270 85.4 8 6.2 550 1200 950 270 70
2/2~6 1030 58 7.8 3940 62.0 5.0
2/9/!6 NA" NA NA NA NA. NA

2/16/96 NA NA NA NA NA NA
2/23/96 915 57 7.8 4810 75.4 7.0 600 1400 1100 300 77
3/1/96 1015 54 7.9 4810 89.2 7.6
3/8116 925 58 7.9 5250 106 3.8
3118/96 1635 73 7.9 3990 80.8 5.5
3/21/96 900 62 NA 5210 117 8.0
3/28/96 950 65 7.9 4950 62.6 .9.0 730 1600 1200 325 93
,/3/96 95~, 62 7.2 5130 116 8.0

5/16/96 1110 66 7.8 4290 79.2 5.7

7/2/96 935 76 7.5 4160 63.0 7.0

7/19/96 902 68 7.5 4340 60.2 6.9

8/8/96 1040 76 7.3 4060 61.0 6.2
8/15/96 850 78 7.5 4080 60.4 6.3
8/23/96 920 74 7.7 3610 46.0 6.2
8128196 1035 78 7.9 4380 66.2 6.4 450 1200 780 190 74
9/5/96 10(19 66 7.7 4150 72.7 7.1

9/12/96 I I I 0 66 7.7 3800 72.3 6.2
9;17/96 1010 64 7.9 4050 94.9 7.0
9,’26/06 1130 70 7.8 5210 93.2 7.8 660 1500 950 233 89

Count 47 47 48 48 4 48 "12 12 l I 12 12
Min 49 7.2 3440 19.7 8 3.8 450 I 100 780 190 69
Max 80 8.7 5380 137 15 9.4 730 1700 1200 380 110

Mean 64 7.8 4520 79.1 12 7.1 592 1400 1050 286 87
Get~ Mean 64 7.8 44q0 74.7 12 7.0 584 1385 1040 281 86

l~le~an 64 7.8 44 i0 76.5 13 7.1 605 1450 1100 290 88
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Agatha Canal at Mallard Road (MERS06)
Location: Latitud,.: 36"56’12", Longitud~ 120°42’07". Ia HE 1/4, HW 114, SW 1/4, S~c. 7, T.I IS., R.I 1E.

South of’Same F,. Grad," at Brito, w,.st of Ma,Llard Road. 4.5 rni.l,.s w,.st of Dos Palos.
Temp               EC       Se      B      CI     SO4 I-~DNS    Ca     Mg

Date Time *F , pH , "~mh.~../cm ~t~L, ¯ gg/L rag/L, ~.mg/L .....mg/~,, mp_crL mW’L
10/27/95 1135 NA 7.9 254 0.9 5.5 25 29 60 14 6
11/27/95 924 56 8.3 553 1.4 0.38 69 74 120 28 13
12/2805 1144 54 8.8 4490 I00 6.3 610 1400 NA 350 110
1/25/96 1125 56 7.8 4260 74.9 6.2 550 1200 910 250 71
2/2_3/96 1055 58 7.9 4730 74.3 6.6 540 1500 1100 295 84
3~8/96 1020 64 8.2 4070 41.7 5.7 580 1300 " 1000 260 85
4/25/96 1100 68 8.5 200 1.3 0.22 16 25 64 15 6.5
5/30/96 1100 68 8.5 622 5.8 0.50 63 120 140 32 15
6~7/96 1150 74 8.5 518 1.3 0.30 56 73 120 28 12
7/2_5/96 1056 82 8.6 382 1.4 0.23 38 48 100 24 9.9
8/28/96 1100 72 7.9 2930 35.0 4.1 280 800 550 130 55
9.r26/96 1205 72 8.5 324 0.9 0.12 29 29 72 15 8.6

Count 11 12 12 12 12 12 12 11 12 12
Min 54 7.8 200 0.9 0.12 16 25 60 14 6
Max 82 8.8 4730 100 6.6 610 1500 1100 350 110

Mean 66 8.3 1944 28.2" 3.0 238 550 385 120 40
Geo Mean 65 8.3 1016 7.0 1.2 110 186 207 59 23

Median 68 8.4 588 3.6 2.3 66 97 120 30 14
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Hamburg Drain near Camp 13 Slough (MER504)
Location: Latitude: 36°56’20", Longitude 120045’26". In SE 1/4, SE 1/4, SW 1/4, Sec. 27, T.11S., R.11E. 50 feet south

of CC/D main canaI. 9.2 miles S-SE of Los Banos. 6.7 m~es W-SW of South Dos Palos.
Temp               EC        Se     Mo     B      CI     SO4 HDNS    Ca     Mg

Date Time °F pH lxmhoslcm ~.g/L Fg/L mg/L mg/L mg/L , mg/L ,mg/L ....mg/L

10/6/95 755 64 8.1 479 2.0 0.32
10112/95 744 65 7.9 383 2.1 0.32
10/18/95 753 62 6.8 5450 80.6 6.2
10/2-7/95 910 NA 7.9 5500 79.7 7 6.5 870 1700 1800 540 109
11/3/95 753 58 7.1 5120 79.4 6.1
11/9/95 833 58 7.6 3860 43.9 4.1
11/20/95 750 59 7.9 3650 40.2 4.4
11/27/95 810 52 8.1 3490 52.0 3.5 510 1000 1200 350 74
12/8/95 915 58 8.1 3760 36.8 5.0
12/18/95 845 NA 7.9 4090 27.8 5.7
1 2/22/95 825 48 8.1 3760 26.2 4.4
12/28/95 1037 52 9.6 3360 22.3 3.3 410 1300 NA 470 62
1/4/96 910 47 8.1 3650 29.8 3.6
1/11/96 843 48 8.1 3920 40.5 3.4
1/18/9fi 1003 50 8.5 3480 27.2 3.3
1/25/96 950 51 7.7 5790 100 7 6.0 880 1800 1700 520 I00
2/2/96 825 62 7.4 5650 107 4.4
2/9/96 945 59 7.7 5000 67.4 5.1
2/16/96 NA NA NA NA NA NA
2/23/96 851 60 7.8 5960 93.6 5.9 870 1800 1700 530 102
3/1/96 910 59 7.8 6890 129 9.2
3/8/96 855 52 8.3 3840 36.1 3.5
3/18/96 1538 77 8.t 5590 96.4 5.9
3/21/96 820 60 7.8 5540 106 5.2
3/28,.’9~ 845 62 7.8 5480 I 10 5.4 780 1900 I900 560 120
4/3/96 919 60 6.9 5720 106 5.9
4/1~96 914 58 6.9 4820 90.4 4.2
4/19/96 820 59 S.l 3990 71.5 4.4
4/25/96 915 63 7.5 5100 98.1 5 5.1 640 1700 1600 470 92
5/3/96 758 61 7.1 4620 85.0 5.4

5/16/96 835 65 7.6 4550 66.2 4.3
5/24/96 930 58 7.9 6040 116 6.8

6/6/96 1000 76 7.8 458 3.2 0.3
6/13/96 835 68 7.9 3190 47.0 3.0
6/I 9/96 845 68 7.3 4290 NA 4.7
6~7/96 930 68 7.6 5530 63.6 7.7 700 1800 2000 620 100
7/2/96 905 72 6.4 5100 62.6 4.0
7/11/96 800 69 7.2 4005 49.7 5.1
7/I 9/96 840 66 6.8 4590 62.3 5.0
7/25/96 840 74 7.6 3380 38.4 4 4.0 400 990 990 290 64
8/2~6 915 70 7.8 3960 46.4 4.7
8/8/9~ 910 70 0.5 3180 38.6 3.4
8/15/96 810 70 6.9 3330 38.4 4.1
8/23/96 832 68 7.4 4390 60.6. 4.9
8128196 938 74 7.6 4480 48.2 4.6 590 1200 1000 260 88
9/5/96 915 62 6.9 5090 70.6 6.3
9/I 2/96 1040 69 7.4 5340 47.8 9.7
9/17/96 920 62 7.6 4000 33.3 6.2
9/20/96 1050 72 8.5 446 1.5 0.24 45 59 93 21 10

Ct~unt 48 50 50 49 4 50 12 12 11 12 12
Min 47 6.4 383 1.5 .I 0.24 45 59 93 21 10

~,,l~tx 77 9.6 6890 129 7 9.7 880 1900 2000 620 120
Me;tn 62 7.7 4250 59.5 6 4.7 610 1387 1389 418 84

Geo h, le;.tn 62 7.6 3730 44.6 6 3.9 511 1124 1148 341 7-1
Median 62 7.7 4440 57.8 6 4.7 630 1550 1600 470 91
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~amp ~.3 SIou~b at Gaus~e Statlon (~R505)
~cation: ~titude 36°56’21 ", Lon~tude 120°45R2". In SE I/4, SE I/4, SW I/4, S~. 27, T.I IS.,

150 f~t north of CC~ M~ ~, 6.4 ~ west ofR~sel Avsnu¢. 9.2 ~es SE of Los
B~os. 6.7 ~cs SW of South Dos P~os

Temp EC Se B Cl     SO4 ~NS    Ca
Date ~me °F pH ~/~ ~ , ~ ,.,~.,

~o/2~s ~2o ~ s.~ 4~o ~.s 6.~ ~o
~/27~5 823 51 7.9 3440 57.4 4.8 ~0 10~ 910 ~0 76

1~28~5 1044 50 8.9 3760 75.0 5.3 430 13~ NA 270 105
1~5/96 957 52 7.9 4660 ~.6 6.9 570 15~ 1030 270 89
2~3/96 NA NA NA NA NA NA NA NA NA NA NA
3~8/96 850 ~ 8.1 3360 60.1 3.8 420 11~ " 830 210 75
4~5/96 930 66 7.8 4340 88.8 6.6 NA NA 1000 260 B5
5~0/96 912 68 7.8 3830 51.1 5.7 440 1100 920 240 78
6~7/96 937 69 7.9 4000 55.2 6.1 450 12~ 950 250 79
7~5/96 855 80 7.7 3630 48.2 5.9 400 I1~ 850 ~20
8/28/96 950 76 7.9 1650 15.4 1.4 190 350 350 88      32
9~6/96 1055 70 8.4 338 0.8 0.13 31 35 72 15 ~.4

Coun~ 10 II 11 11 11 10 10 10 11
Min 50 7.7 338 0.8 0.13 31 35 72 15 8
Max 80 8.9 4660 88.8. 6.9 590 15~ 1090 280 105

Meun 65 ~.I 3411 55.9 4.9 396 1019 BOO 213 72
Geo Mean ~ 8.~ 2902 38.3 3.6 323 751 ~I 175 62

Me.an 67 7.9 3760 57.4 5.7 435 11 ~ 915 240 78 .
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Cha~’leston Drain at CCID Main Can~l (MEI~02)
Location: Latitude 36056’59,. Longitude 120046’48". In NE I/4, SE I/4, NE I/4, Sec. 29, T.I IS., I~I IF_.

North Sid," of CCID Main Canal. 8.7 rrdles S-SE of Los Banos. 7.9 miles W-SW of South Dos Palos.
: Temp EC Se Mo B      CI SO4 I~NS CA Mg

Date Time °F pH gmhos/cm ~tg/L p.g/L ¯ mg/L mg/L mg/L mg/L mg/L mg/L
10/6/95 740 62 7.9 949 9.0 0.84

10/12/95 732 64 7.9 553 4.2 0.48
10/18/95 740 64 6.6 1160 11.6 1.0
10/27/95 845 NA 7.6 1250 14.4 2 1.3 160 320 390 97 36
11/3/95 740 58 7.2 2140 26.4 2.2
11/9/95 821 60 7.6 2180 27.2 2.0
I 1/20/95 734 58 7.9 2210 24.8 2.0
11/27/95 758 52 7.7 2110 25.1 1.9 :280 570 680 190 50
1 2/8/95 850 58 7.4 2330 28.7 2.1
12/18/95 830 NA 7.8 4800 77.1 4.7
12/22/95 810 50 7.8 4950 79.2 4.9
12/28/95 1025 52 8.4 5110 79.4 NA 700 1900 NA 460 99
1/4/96 900 52 7.3 5420 84.7 5 1
1/11/96 833 52 7.5 5000 69.4 4.3
I/18/96 951 52 7.7 5160 53.0 5.4
1/25/96 936 52 7.4 4530 57.2 5 3.9 670 1300 1300 360 83
2/2/96 NA NA NA NA NA NA
2/9/96 935 60 7.4 6370 91.0 4.8
2/16/96 NA NA NA NA NA NA
2/23/96 NA NA NA NA NA NA NA NA NA NA NA
3/1/96 NA NA NA NA NA NA
3/8/96 840 58 7.6 4810 72.9 4.0
3/18/96 1529 71 8.0 5280 92.6 4.4
3/21/96 805 60 NA 5080 81.6 4.2
3/28/96 830 62 7.5 4320 69.2 3.6 560 1600 1400 430 90
4/3/96 909 59 6.0 5390 93.7 4.6

4/19/96 755 58 8.1 3340 68.8 3.3
4/25/96 900 62 6.7 5530 103 6 4.9 730 1800 1700 530 97
5/3/96 750 62 6.1 5300 98.2 5.0
5/10/96 840 62 7.8 3960 59.8 2.9
5/16/96 ,’920 64 7.5 4400 60.3 4.4
5/24/96 915 58 7.5 4890 81.3 4.4
5130196 855 66 7.7 4180 69.2 3.4 470 1400 1200 370 65
6/6/96 945 72 7.2 2230 16.6 2. I

6/I 3/96 lq 18 66 7.4 4010 75.2 4.0
6/19/t)6 hi30 70 . 6.8 3950 63.6 3.7
6/27/96 920 68 7.5 3940 64,8 3.5 430 1400 1600 520 69
7/2/96 855 76 5.7 3340 46.6 2.6

7/11/96 750 70 6.5 4300 81.5 4.6
7/19/96 830 67 6.4 3740 61.3 3.4
7~5/96 820 74 6.9 2780 43.0 5 2.3 290 890 800 240 48 ’
8/2~.~6 900 71 7.0 3390 39.0 3.8
8/8/96 855 70 5.8 2930 43.2 2.6
8/I 5196 S00 74 6.0 2670 38.3 Z4
8/23/96 825 73 7.2 2040 24.8 , 1.8
8/2~,/96 920 71 7.2 2230 22.9 2.1 530 1000 530 130 49
9/5/96 903 6.1 6.7 2510 31.0 2.8
9/12/�6 1030 64 7.5 3730 47.2 3.8
9/I 7/96 905 64 7.0 1860 20. I 1.8
9/26/96 1040 68 7.9 1597 11.0 I. 1 220 350 320 86 26

Ct*unt 45 46 47 47 4 46 11 I I 10 11 1 !
Min 50 5.4 553 4.2 2 0.48" 160 320 320 86 26

~/,-,’ ...             Max 76 8.4 6370 103 6 5.4 730 1900 1700 530 99
t Mean 63 7.2 3600 53.8 5 3.2 458 1139 992 310 65

Geo Me~m 62 7.2 3220 44.0 4 2.9 412 979 857 250 60
~ Median 62 7.4 3940 59.8 5 3.5 470 1300 1000 360 68

66                                             :
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Almond Drive Drain (MERSS5)
Location: Latitude 36°59’55’’, Longitude 120°49’90". In SW 1/4, SW 1/4, SW 1/4, See. 6,T.1IS., R.11F...

North side of Almond Drive, 1.1 miles east of Mercy Springs Drain, 100 feet east of CCID Main
Canal. 4.7 miles south ofLos Banos

Temp             EC       Se      B      Cl    S04 HDNS    C~     Mg
Date .Time . °F.... pH . btmhos(cm. ~t~L. btg/L .m~_,......m~. ..mg/L...n~rL ..... xng/L

101270005 830 NA 8.0 220 0.7 0.10 22 25 55 12 6
11/27/95 740. 52 7.6 447
12/28/95 957 52 8.1 2700
1~5/96 915 51 7.8 1650 8.4 1.7 210 390 380 74 48
2/23/96 750 52 7.9 1690
3~8/96 800 64 7.2 1100
4~5/96 845 63 6.0 885 1.6 0.72 88 150 210 40 26
5/’30/95 835 66 7.7 642
6/2_7/96 850 68 7.8 965
7/25/96 800 80, 8.0 362 1.3 0.21 37 46 100 22 11
8/’28/96 900 70 7.6 2230
9/26/96 1030 70 8.3 402

Count I 1 12 12 4 4 4 4 4 4 4
Min 51 6.0 220 0.7 0.10 22 25 55 12 6
Max 80 8.3 2700 8.4 1.7 210 390 380 74 48

Mean 63 7.7 l 108 3.0 0.68 89 153 186 37 23
Geo Mean 62 7.7 851 1.9 0.40 62 91 145 30 17.

Median 64 7.8 925 1.5 0.47 63 98 155 31 19
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Location: Latitude 36059’22" Longitude 120°42’ 14". In NE 1/4, NW 1/4, SW 1/4, S~¢. 7, T.I1S., tLllE.
South of San,,- F* Grad* a~ Brito, 50 feet west of Mallard Road. ,4.5 miles west of Dos Palos.

,,.... Temp EC Se B CI 804 HDNS Ca Mg
Date Time °F pH panhos/cm ~t~fL, n~L. mg/L mg/L mg/L mg/L tng/L

10/27/95 1130 NA 7.8 3360 14.5 5.5 340 1100 630 140 68
11/27/95 931 ’ 53 7.8 2050
12/28/95 ! 151 50 8.4 2540
1t25/96 1135 52 8.2 6300 28.4 15 650 2300 I100 240 120
~d23/96 1105 ’ 57 7,8 4010
3~8/96 1015 60 7.7 2500
4/’25/96 1050 67 8.4 2500 5.6 5.8 210 820 520 124 51
5/30/96 1105 69 7.7 3450
6/27/96 1210 70 7.9 3180
7t25/96 1110 80 7.9 2640 3.4 6.2 240 810 570 140 56
8~8/96 1110 71 7.7 2210
9/26/96 1200 72 8.3 2430

Count 11 12 12 4 4 4 4 4 4 4
Min 50 7.7 2050 3.4 5,5 210 810 520 124 51
Max 80 8.4 6300 28.4 15 650 2300 1100 240 120

Mean 64 8.0 3098 13.0 8,1 360 1257.5 705 161 74
Geu Mean 63 8.0 2947 9.4 . 7,4 325 1139 673 155 69

Median 67 7.9 2590 I0.1 6.0 290 960 600 140 62
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~t ~n ID~tr2n ~t ~-ler~ord Road [M~R.528)

3.0 ~cs north on H~ford Ro~ from Hcn~ ~r Ro~.

Temp                EC        Se      B      ~     SO4 ~NS    C~     Mg

10/27~5 855 60 7.8 515 0.6 0.20 77 63 130 29 13
11/27~5 1105 54 8.1 735
1 ~28~5 1254 54 8.5 1260
1~5/96 1250 56 7.8 962 1.7 0.34 140 130 210 51 20
~3/96 12~ 58 7.7 898
3~8/96 1155 66 7.6 741
4~5/96 1235 70 7.9 1150 0.6 0.27 160 140 290 73 27
5~0/96 1229 70 7.4 ~2
6~7/96 1345 74 8.1 951
7~5/96 1235 84 7.8 708 1.0 0.26 87 76 190 45
8~8/96 1220 74 7.8 718
9~6/96 955 70 8.0. ¯ 746

Count 12 12 12 4 4 4 4 4 4 4
~n 54 7.4 515 0.6 0.20 77 63 130 29 13
Max 84 8.5 1260 1.7 0.34 160 140 290 73 27

Mean 66 7.9 836 1.0 0.27 116 102 205 50 20
Geo Mean 65 7.9 811 0.9 0.26 111 97 197 47 19

Me,an 68 7.8 744 0.8 0.27 114 103 200 48 19

69

5077
C-115077



CC133 Mat~ at Russel A.venue (~:.gS10)
Location: Latitude 36°55’28", Longitude 120°39’I 1 ". In SE I/4, SE I/4, SE I/4, Sec. 33, T.I IS., IL12F_,.

2.7 miles south of Dos Palos.
Temp             EC      Se      B      CI     "SO4 FIDNS    Ca     Mg

Date Time °F pH p.mhoslcm ~tp_./L ¯ inp./L mg/L mv~/L rap_ft.,, mR/L mg/L
10/27/95 1050 NA 8.4 243 I.I 0.12 25 27 62 13 7.2
11/27/95 840 56 8.6 372
12/28/95 1103 50 7.8 889
I/2_5/96 1023 51 8.2 1300 5.2 1.3 I10 380 350 96 27
2/23/96 955 59 8.1 558
3/28/96 930 62 8.4 608
4~5/96 1000 66 8.8 56 <0.4 <0.05 2 1.8 25 5.1 2.9
5/30/96 930 70 8.1 595
6/27/96 1005 72 8.5 NA
7~5/96 920 g2 8.3 228 0.7 0.42 21 19 110 26 12
8/2-8/96 I010 78 8.0 618
9~6/96 1110 70 8.3 318

Count 11 ! 2 11 3 3 4 4 4 4 4
Min 50 7.8 56 <0.4 <0.05 2 2 25 5 3
Max 82 8.8 1300 5.2 1.3 110 380 350 96 27

Mean 65 8.3 526 2.3 0.61 40 107 137 35 12
Geo Mean 64 8.3 409 1.6 0.40 18 24 88 20 9

Median 66 8.3 558 1.1 0.42 23 ~ 86 20 I0
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Location:Ladtudc 3~°05’~9", Long~tude 120°49’44". In NE 1/4, NE 1/4, See. 1, T.10S., R.10E. 0.3 miles
e~st of Lander Avenue. 3.0 mil~s north of Gus~in~.

Temp EC Se B      Cl SO4 HDNS Ca Mg
Date Time °F pH ~nhos/cm ~ ¯ mg/L mg/L m~L mg/L ~ mg/L

10/27/95 755 60 7.6 188 0.6 0.I 0 20 20 49 10 5.8
11127/95 I02I 56 8.4 487 1.3 0.22 58 64 110 25 12
1028/95 1220 52 8.9 696 2.7 0.41 86 120 NA 40 16
1/25/96 1200 54 8.4 659 2.4 0.40 75 100 150 36 15
2~3/96 1134 ’ 60 8.5 1450 4.7 1.3 180 340 310 73 30
3/28/96 1125 67 8.4 766 4.3 0.64 80 170 130 27 16
4/25/96 1135 70 8.1 456 1.2 0.43 41 73 110 21 14
5/30/96 1155 74 8.8 537 1.2 0.49 54 91 120 25 15
6/27/96 1250 82 8.7 900 2.3 0.’77 97 160 220 46 25
7/25/96 1135 84 7.8 988 2.0 0.95 110 160 280 56 33
8/28/96 1138 76 8.0 556 1.5 0.30 58 70 120 24 15
9/26/96 920 69 8.5 421 1.3 0.23 42 50 93 19 11

Count 12 12 12 12 12 12 12 I 1 12 12
Min 52 7.6 188 0.6 0.10 20 20 49 I0 6
Max 84 8.9 1450 4.7 1.3 180 340 310 73 33

Mean 67 8.3 675 2.1 ’ 0.52 75 118 154 34 17
Geo Mean 66 8.3 604 1.8 0.42 65 95 136 30 16

Median 68 8.4 608 1.8 0.42 67 96 120 26 15
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Sa~ Luis Canal at Hem-3, M.B.~er Roacl (MERS32)
~tion: ~titude 37 06’ 00" ~n#tude 120 49’ 13". In SE 1/4, SW 114, SE 1/4, Set,on 36, ~0s, RI0~

~� site is 3 ~cs nonhc~t of Los B~os ~ ~� Los B~os Wfl~fc Rc~g~
Temp               EC         Se      B      ~     SO4 ~NS    Ca     Mg

Date ~e °F pH ~ ~ ¯ ~ ~ ~ ~
10/27~5 815 60 7.5 196 0.8 0.10 20 ~ 52 11 5.9
11/27~5 1031 56 8.3 507 1.6 0.27 61 69 120 26 13
1~28~5 1227 52 8.4 918 6.6 0.69 140 180 NA 54 19
1~5/96 1220 52 8.0 1120 12.0 0.73 130 ~0 280 76
2~3/96 1142 58 7.9 3560 40.8 4.4 400 I 0~ 750 189      68
3a8/96 I 130 66 8.0 790 5.3 0.61 80 190 140 28 17
4~5/96 I 150 68 7.9 505 1.5 0.49 NA NA 1 I0
5B0/96 1205 70 7.8 ~0 1.6 0.54 74 100 160 33 18
6~7/96 1305 72 8.4 979 3.0 0.91 I00 ~80 ~0 48 28
7/25/96 1153 84 7.9 565 1.8 0.50 57 83 160 32 20
8a~96 1150 74 7.8 568 1.8 0.31 59 72 120 240 150
9~6/96 930 70 8.4 ~6 1.5 0.25 48 57 I00 ~ I I

Co=t 12 12 12 12 12 II 11 11 12 12
Min 52 7.5 196 0.8 0.I0 ~ ~ 52 II 6
Max 84 8.4 3560 40.8 4.4 400 I000 750 240 150

M~an 65 8.0 918 6.5 0.82 106 198 203 65 32
Geo Mean 65 8.0 720 3,1 0.51 80 120 158 43 21

Me,an 67 8.0 653 1.8 0.52 74 100 140 33 19
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l:’oYter-Blage Bypass (IVgER548)
Location: Latitude 37°05’58.5°, Longitude 120°49’14.5". In NW 1/4, Sec. 1, T.10S., IL10E. "/.5 miles east

of the intersection of Hem3, Milller and Mercy Springs Roads. 2 miles north of Los Banos.

Temp               EC       Se      B      CI     SO4 HDNS    Ca     Mg

¯
" 10/~/95 830 60 7.3 1738 26.6 2.3 210 500 370 94 .34

11/27/95 1044 58 7.9 2200 23.9 2.8 250 620 600 150 56
12/28/95 1238 52 8.5 2600 33.2 3.6 310 750 NA 150 58
1/25/96 1235 56 7.8 3390 36.2 4.7 420 940 720 180 65
2/23/96 1152 58 7.8 3680 44.8 4.6 410 1100 760 194 68
3/2.8/96 1 ] 40 66 8.1 3300 34.6 4.1 390 970 730 180 71
4~5/96 1205 71 7.5 3800 66.3 5.3 NA NA " 870 228 73
5/30/96 1210 69 8.0 3310 48.5 4.7 390 930 820 220 66
6/27/96 1320 "/2 "/.9 3480 44.9 4.9 370 1000 "/60 200 64
7/25/96 1215 84 7.8 3010 39.8 5.1 330 920 730 190 62
8/28/96 1200 74 7.9 2890 39.4 3.6 280 770 580 140 56
9/26/96 940 70 8.3 532 2.1 0.32 56 71 I10 , 25 12

Count 12 12 12 12 12 11 11 11 12 12
Min 52 7.3 532 2.1 0.32 56 71 110 25 12
biax 84 8.5 3800 66.3 5.3 420 1100 870 228 73

btean 66 7.9 2828 36.7 3.8 311 779 641 163 57
Geo Mean 65 7.9 2570 30.2 3.3 280 663 574 145 53

Median 68 7.9 3155 37.8 4.4 330 920 730 180 63
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Mud Slough at Newman Gun Club (1VIERS51)
Location:Latitud, 37°18"33", Longitude 120°57’18% In NW 1/4, NW 1/4, SW 1/4, Sec. 23, T.TS., R.gF_..

1.7 miles north of Santa Fe Grade, 1.2 miles north of Highway 140. 4.2 mi.l~ NE of.Gustine.

Temp EC Se B CI SO4 I-lDNS Ca Mg
Date ’lime °F pH p.mhos/cm ,, ~t~l., ¯ mF,/L mR/I. mg/L mff’L ~ mp.,/L

10/27/95 1430 NA 7.9 758 0.8 0.50 89 110 170 36 20
11/27/95 940 52 8.1 1130 0.7 0.78 150 160 220 41 28
1~28/95 1125 51 8.1 1650 0.8 1.1 230 270 290 52 39
1 ~5/96 950 46 7.9 1820 0.6 1.2 260 320 340 62 44
2/2-3/96 1010 47 7.8 1080 0.7 0.70 120 170 230 43 29
3/2-8/96 1050 62 7.7 1750 1.2 1.7 280 340 380 70 50
4~5/96 1140 66 8.1 3540 1.4 2.2 540 740 570 91 83
5/30/96 1045 72 7.9 1690 2.2 1.0 220 320 290 54 37
6/2"//96 1110 70 8.4 3040 1.3 1.5 500 590 530 90 "/3
7/’25/96 1130 85 8.6 2590 1.2 1.7 340 490 530 93 71
8,°-8/96 1141 78 8.1 2750 1.3 1.7 430 580 560 92 79
9/2.6/96 1105 70 7.4 5280 15.6 8.4 610 1800 950 200 110

Count 11 12 12 12 12 12 12 12 12 12
Min 46 7.4 758 0.6 0.50 89 110 170 36 20
Max 85 8.6 5280 15.6 8.4 610 1800 950 200 110

Mean 64 8.0 2260 2.-3 1.9 314 491 422 77 55
Geo Mean 62 8.0 1970 1.3 1.4 269 369 376 69 49

Median 66 8.0 1780 1.2 1.4 270 330 360 66 47
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Mud g(oup~ (north~ at San Luis Drain (MERS42)
Location:~titude 37°19’50", Lon~tud~ 120°57"~". In ~ 1/4, ~ 1/4, ~ 114, S~. 14, T.7S., R.9E. 5.0 ~ ~st of

Gu~ine, 3.5 ~es SE of ~way 140. ~d wit~ K~terson N. W. ~
Temp           EC      Se    Mo    Cr    Cu    NI    Pb    Zn    B    ~ SO4 ~NS Ca    Mg

10/6/95 If20 69 8.3 1130 1.2 0.66

I0118~5 1030 69 7.8 632 I.I 0.45
10127~5 ]310 NA 7.7 769 0.6 7 2 4 7 ~ <I 0.60 91 I00 170 34 20
II~195 I~5 62 8.1 ~4 0.9 0.76
I I~5 1050 64 7.7 906 0.5 0.69

11~0~5 1152 64 7.6 1060 0.4 0.gl
II~7~5 1156 54 8.1 1220 0.5 0.92- 160 180 380 90 39
I ~95 1332 60 8.1 1190 0.4 0.85
I~18~5 1020 NA 8.9 1200 0.6 0.88
I~2~5 I~0 50 7.9 1230 0.8 0.91
I~8~5 1332 52 8.2 1540 0.7 0.97 220 260 NA ~ 33
I/4~6 l~0 55 7.9 1930 0.7 1.4,

I~5196 1345 54 7.8 1690 0.5 6 6 2 I0 ~ <I 1.2 240 250 270 52 35
~6 I~5 57 8.0 1210 0.7 0,87
2~6 NA NA NA NA NA NA

2/I 6196 951 62 7.5 1880 0.5 0.73
2~3196 ~300 60 7.8 880 <0.4 0.69 91 120 200 37 25
3/I~6 1310 62 8.1 1160 0.5 1.0
3/8~6 1015 5~ 8.0 1070 0,6 0.86

3118196 1145 72 8.4 1950 0.7 1.5
3~1196 1035 68 8.l 2]60 0.7 1.8
3~8/96 1245 6~ 8.2 2270 1.0 ~3 330 380 370 62 52
4~6 1438 64 7.5 2180 1.4 1.8
4/l~96 1356 66 7.8 3440 7.1 4.1~ .: 4/I 9~6 ]120 62 8.0 3640 0.8 3.2
4~5/96 1320 73 8.3 2670 0.9 I 0 8 7 9 <5 l I 1.9 370 490 420 70 60
5~6 1216 75 7.7 3820 0.8 3.1

5110196 .II00 67 8.1 1510 1.2 0.95
5116196 1250 66 7.9 2560 1.5 1.5
5124196 I la5 66 8.1 1420 1.5 I.I
5~0196 1335 76 8. l 1310 0.7 0.87 170 250 220 40 28
6/6~6 1300 Z~ 7.8 5g8 2.0 0.49
6/13/96 1224 7~ ~.2 ]610 I.I 1.2
6/] 9196 1025 7a 7.9 2520 0.7 1.9
6~7196 1 ~45 ~0 8.1 3250 1.2 2.1 440 720 500 81 72
7~6 1125 86 7.3 ~60 1.8 1.7
7/I 1/96 1204 E2 7.g 2520 2. I 1.9

~ 7/19196 1245 78 8.3 3190 1.3 ~I
~ 7~5/96 1345 90 8.3 2020 1.4 11 12 6 15 d 16 1.5 260 390 370 65 51

8~6 1200 82 8.2 1650 1.0 1.2
8/8~6 1235 82 7.9 2900 1.1 1.8
8/15/96 1045 79 8.0 2460 1.2 1.5
8~3/96 1200 80 8.1 2250 1.2 1.4
8~8/96 1320 80 8.3 2110 1.6 1.I ~0 350 300 51 43
9/5~6 1306 72 8.1 1040 1.7 0.71

9/I~96 945 66 7.7 2580 3.4 2.1
9/17/96 1330 76 8.5 749 1.3 0.58
9126190 83:) 69 8.2 5530 11.8 8.7 600 19~ 890 192 100

Count 48 50 50 49 4 4 4 4 4 4 50 12 12 11 12 12
Min 50 7.3 588 <0.4 6 2 2 7 <5 11 0.45 91 I00 170 34 20
Max gt} 8.9 5530 11.8 11 12 7 15 <5 16 8.7 600 1900 890 192 100

(
- -. M~an 68 8.0 1890 1.4 9 7 5 10 <5 7 1.5 267 449 372 68 47

Geo Mean 68 8.0 1680 1.0 8 6 4 10 <5 3 1.2 ~1 322 335 60 42
Median 67 8.1 1700 1.0 9 7 : 10 ~ 6 1.2 ~5 305 370 57 41
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Los Banos Creek at State Highway 140 (M]~R554)
Location: Latitude 37°16’35", Longitude 120°57’14". In NE 1/4, SW 1/4, SW 1/4, Sec., 35, T.TS., R.gE.

South side of highway 140, 2.9 miles NE of Gustine.

Temp EC Se B CI SO4 HI)NS Ca Mg
Date Time °F pH ~..tmhos/cm ~I. ¯ mg/L mg]L mg]L mg/L ~ mg]L

10/27/95 1025 ’ 58 7.7 1340 0.5 0.60 210 130 250 48 31
11~7/95 903 54 8.0 709
12/28/95 1045 50 8.0 1460
1/25/96 756 45 6.7 1450 <0.4 1.0 200 200 260 46 35
2/23/96 914 47 7.6 515
3/28/96 925 61 6.5 509
4~5/96 930 62 6.8 3350 0.7 3.0 450 670 600 94 88
5/’30/96 1109 73 7.9 850
6/27/96 1145 71 8.4 1250
7/25/96 1205 84 8.5 1530 1.2 1.4 180 240 350 64 45
8/28/96 1203 76 8.6 1600
9/26/96 1020 68 7.5 548

Count 12 12 12 3 4 4 4 4 4 4
Min 45 6.5 509 <0.4 0.60 180 130 250 46 31
Max 84 8.6 3350 1.2 3.0 450 670 600 94 88

Mean 62 7.7 1259 0.6 1.5 260 310 365 63 50
Geo Mean 61 7.7 1080 0.5 1.3 242 254 342 60 46

Median 61 7.8 1300 0.6 1.2 205 220 305 56 40
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S~t Slough at Lander Avenue (State Highway 165) (1PIER531)
Location: Latitude 37°14°55", Longitude 120°51’04". In HW 1/4, SE 1/4, SE 1/4, Sec. I0, T.SS., R.10E. 13.0 mil~ north of

Los Banos. 5.0 mil~s sou~h of I-’[ighway 140.
:: ¯ Temp EC Se Mo Cr Cu Ni Pb Zn B CI SO4 I-]:DNS Ca Mg
.,    rote "rime °F pH

10/ /95 1210 70 8.2 1010 1.1 0.47
10n 5 1040 68 7.8 1070 1.0 0.58
10/18/95 1125 70 7.1 1300 6.8 1.3
10/25/96 930 62 7.6 1360 12.4 6 12 6 15 <5 16 1.3 170 310 260 63 26
1 I/3/95 1241 64 7.9 1590 7.7 1.3
11/9/95 955 64 8.1 1370 1.9 0.88
11/20/95 1029 63 7.8 1930 10.6 2.0
11/27/95 825 54 8.0 1810 10.9 1.7 " 240 410 380 90 39
12/8/95 1132 60 7.9 1920 12.8 1.8
lO2/18/95 1230 NA 7.8 1920 13.1 91
12/22/95 1055 50 7.9 2010 13.4 2.5
12/28/95 1005 51 7.7 23 80 19.3 2.4 330 560 490 115 49
1/4/96 1300 55 7.7 2490 5.2 2.2

1111196 1016 52 7.7 2850 10.0 2.5
1/18/96 1353 52 7.9 2690 33.3 3.0
1/25/96 836 46 7.6 2430 19.5 9 NA NA NA HA HA 2.7 320 590 500 118 49
2D_/96 1320 56 7.8 2010 13.6 NA
2/9/96 NA NA NA NA NA NA

2116/96 1030 62 7.6 2580 22.7 2.7
2/2-3/96 830 47 6.9 0.340 18.6 1.1 300 570 240 59 23
3/.1/96 1410 58 7.8 2130 14.5 2.4
3/8/96 1035 62 7.7 2250 15.8 2.0
3/18/96 1325 68 7.4 2220 16.9 1.9
3/21/96 1125 68 NA 2120 17,8 1,9
3/28/96 950 61 7.4 1720 11.6 1.7 280 430 450 102 45
4/3/96 1455 67 7.6 1920 17.2 1.8

(~-i
"" 4/12/96 1146 64 7.8 2170 18.0 1.8
~,,. ’4/I 9/96 1140 62 8.0 1840 20.3 2.3

4~5/96 1030 65 7.7 2850 31.6 9 12 9 11 <5 26 2.7 370 670 580 144 54
5/3/96 1015 72 7.9 3000 33.5 3.5

5/10/96 1115 66 7.7 2110 19.4 1.9
5/16/96 1350 70 7.7 2320 23.0 .2.0
5/2-4/96 1220 64 7.8 2030 18.7 2.1

v̄~ 2.65/30196 1200 70 7.6 2330 ._.0 300 570 520 130 47
6/6/96 1230 80 7.8 2610 27.5 3.1
6/13/96 1055 75 7.8 2120 18.8 1.9
6/I 9/96 1050 75 7.8 2020 20.6 Z3
6/27/96 1215 68 7.7 2650 25.8 2.7 360 660 510 130 46
7~/96 1030 83 7.4 2210 20.4 2.5
7/11/96 1050 77 7.6 2160 19.6 2.7
7/I 9/96 1040 74 7.5 2210 19.4 ~6
7~5/96 1300 84 7.9 2020 17.3 10 15 8 14 <5 26 2.5 220 480 450 110 42
8/2/96 1240 82 7.8 1830 15.6 2.3
8/8/96 1315 78 8.2 1560 13.4 1.7

8/15/96 1140 82 8.0 1610 13.0 1.7
8~3/96 1225 80 7.9 1580 11.4 1.6
8/28/96 1238 75 8.0 1590 12,5 1.6     190 360 330 75 35
915/96 1120 70 7.2 1710 16.4 1.7
9112/96 750 68 6.9 1800 14.1 9.3*
9/17/96 1430 70 8.0 1540 14.4 1.8
9/26/96 935 68 5.8 1250 3.8 0.75 170 200 P%30 49 26

Count 49 49 50 50 4 3 3 3 <5 3 48 ¯ 12 12 12 12 12
Min 46 5.8 1010 1,0 6 12 6 11 <5 16 0.47 170 200 230 49 23
Max b;4 ~.2 3000 33.5 10 15 9 15 <5 26 3.5 370 670 580 144 54

’ ,        M e.’ttl 66 7.7 2010 16.0 9 13 8 13 <5 ~ 2.0 271 484 412 99 40
- Geo M~an 66 7,7 1960 13.4 8 13 8 13 <5 22 1.9 262 460 393 94 39

M,-dian 6,’,; 7.8 2020 16.1 9 12 8 14 <5 26 2,0 290 520 450 106 44
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APPENDIX B

Water Quality Data for Grab Samples: Water Year 1997

Map Index RWQCB Site I.D. Site Name Page
I-1 * MER556 Main (Firebaugh) Drain @ Russel Ave. 83
I-2" MER501 Panoche Drain 83
I-4 MER506 Agatha Cana! @ Mallard Road 84

I-6" MER504 Hamburg Drain 85
I-7 MERS05 Camp 13 Slough 86

I-8" MER502 Charleston Drain 87
I-9’ /vIERS55 Almond Drive Drain 87

1-10" MER509 Rice Drain 87
1-12" MER528 Salt Slough Ditch @ Hereford Road 87
T- 1" MER510 CCID Main @ Russell Avenue 87
T-5 MER519 Sante Fe Canal @ Henry Miller Road 88

T-7A MER532 San Luis Canal @ Heary Miller Road 89
T- 13~ MER548 Porter-Blake Bypass 90
0-2 MER542 Mud Slough (N) Downstream of SLD 91
0-3* MER554 Los Banos Creek @ Highway 140 92
0-4 MER531 Salt Slough @ Lander Avenue 93
0-8 MER536 Mud Slough (N) Upstream of SLD 94

SLD-1 MER562 Inflow to San Luis Drain @ Check 17 95
SLD-2         b,’[ER535             San Luis Drain @ Terminus                96

* Sampling discontinued in December 1996
! Data only available for November 1996

" SLD = San Luis Drain

Legend of Abbreviations

EC Electrical Conductivity

Se Selenium
Mo Molybdenum

Cr Chromium

Cu Copper
Ni Nickel

Pb Lead

Zn Zinc

B Boron
Cl Chlorine
SO4 Sulfate
HDNS Hardness
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Figure [3-1

’ Grassland Area of
Western Merced County

Water Year 1997 Monitoring Sites
Note: Only sites with a full year of data are depicted.

152

LOS BAN(                       ’~
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Main (Firebaugh) Drain at Russel Avenue (MER556)
Location:Latitude: 36°55’27", Longitude 120°39’11". In SW 1/4, SW 1/4, SW 1/4, Sec. 34, T.11S.,R.12F_..

East side of Russel Avenue, 2.7 mi.l~ south of Dos Palos.

Lab EC Se Boron
Date Time Temp F pH (~mhos/cm) (~tff_fL) ~mg/L)

10/3/96 1045 68 7.8 4780 95.7 7.7
1018196 1150 72 7.4 4150 74.6 7.4
10/I 8/96 1140 60 7.7 4780 78.8 8.0
10/25/96 1335 61 7.6 3990 45.2 5.8
11/1/96 1400 60 ¯ 7.9 2430 26.2 3.1
11/8/96 1135 55 7.7 5350 84.4 9.5
11/14/96 1035 58 8.0 3190 47.6 4.7
11/19/96 1110 61 8.0 2190 32.6 2.8
11126/96 1200 58 7.7 4160 87.8 6.5
1 ~5/96 1053 NA 7.8 4150 88.2 6.5
1 ~10/96 1415 58 7.5 3440 73.2 5.2
1 ~20/96 1035 47 7.8 5130 104 8.3
I ~27/96 0830 51 7.6 5870 134 9.5

Count 12 13 13 13 13
IV.in 47 7.4 2190 26.2 2.8
Max 72 8.0 5870 134 9.5

Mean 59 7.7 4124 74.8 6.5
Geo Mean 59 7.7 3973 68.2 6.1

Median 59 7.7 4150 78.8 6.5

Panoche Drain at O’Banion Gauge Station (MERS01~
Location:Latitude 36°55’14". Longitude 120°41 ’43". In SW 1/4. SW 1/4, SW 1/4, See. 32, T.11S., R.12E. Located 0.5 miles

south of CCID Main Canal. 1.9 miles west of Russel Road. 5.5 miles SW of Dos Palos. 3.4 miles SW of South Dos

Lab EC Se Boron
Date Time Temp F pH ~,umhos/cm) (gg/L) .... (.rag/L) ...

10/3/96 1115 68 7.9 5720 120 8.9
10/8/96 1220 74 8.0 4470 66.5 8.5
10/I 8/96 1155 60 7.9 4900 49.6 8.8
10/25/96 1430 62 8.3 5050 96.6 8.8
11/I/96 1430 68 7.2 4560 62.3 7.6
1 I/8/96 1230 60 7.8 5150 89.6 8.7

. 11/14/96 1050 58 7.5 5400 98.0 9.6
I 1/26/96 1237 60 7.5 4080 27.7 7.0
1 ~5/96 1131 NA 7.6 4690 32.5 7.8
12/20/96 I 155 50 7.9 4870 83.4 7.8

Count 9 10 10 10 I0
Min 50 7.2 4080 27.7 7.0
Max 74 8.3 5720 120 9.6

Mean 62 7.7 4890 72.6 8.4
Geo Mean 62 7.7 4870 66.0 8.3

Median 60 7.8 4880 75.0 8.6
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Agatha C:mal at. 1Vla~ard Road (MERS{)6)
Location: Latitude: 36°56’12", Longitud* 120042’07". In NE I/4, NW 1/4, SW 1/4, See. 7, T.11S., ILl 1E.

South of Sante Fe Gra~e at Brito, west of Mallard Road. 4.5 miles w,st of Dos Palos.
.:. Temp EC Se B Cl SO4 HI}NS Ca Mg
~ Date Time °F pH Fu~hos/cm ~t~/L ¯ mp./L mg/L mg/L n~/L mg/L mg/L

10/3/96 1215 70 8.5 481 1.0 0.21
10/8/96 1315 74 8.7 324 0.7 O. 16
10/18/96 1240 64 7.9 358 0.6 0.16
10/25/96 1510 59 8.6 412 0.7 0.21
11/1/96 1~-38 62 7.7 407 1.0 0.21
11/8/96 1355 57 6.6 427 0.7 0.20
1̄1/14/96 1145 59 8.5 445 0.8 0.23
11/19/96 1030 61 8.5 528 0.9 0.28
I 1/26/96 1120 60 8.3 418 1.0 0.21 55* 43* 87 18 10

1.2/5/96 1243 NA 8.3 601 1.4 0.31
1710/96 1430 56 7.8 573 1.3 0.36
1 O20/96 NA NA NA 612 1.3 0.39
12/2,7/96 1040 54 7.0 704 1.8 0.46
119/97 1103 52 8.0 305 NA NA
I,r21/97 1400 56 8.1 231 NA 0.39
O4/97 0715 56 6.1 4240 NA NA

2118197 1310 55 8.4 193 NA NA
3/5/97 1433 NA NA 187 0.8 0.18
3/1 ~97 1035 NA NA NA 0.5 0.11
3/19/97 I I 11 NA NA 235 1.8 0.24
3~6/97 1140 NA NA 317 1.0 0.24
4/2/97 1143 NA NA 4~7 3.0 0.31
4/9/97 1145 NA NA 661 2.0 0.43

40 6/97 1240 NA NA 559 2.6 0.32
4/23/97 1258 NA NA 481 1.5 0.26
5/1/97 1141 NA NA 520 1.5 0.30

(".) 5/7/97 1240 NA NA 547 1.1 0.25
,~,,," 5/I 4/97 1238 NA NA 497 1.3 0.25

5/21/97 1135 NA NA 486 1.0 0.25
5~8/97 1240 NA NA 504 1,1 0.26
6/4/97 I 150 NA NA 481 1.7 0.27

6/I 1/97 1155 NA NA 476 1.3 0.27
6/I 8/97 1151 NA NA 484 1.2 0.24
6/25/97 1240 NA NA 423 1.1 0.20
7/2/97 1320 NA NA 436 1.1 0.24
719,,9-7 1240 NA NA 396 1.0 0.19

7/16/97 1245 NA NA 406 1.6 0.__
7/2_3/97 1240 NA NA 419 1.6 0.24
7/30/97 1245 NA NA 419 1.2 0.24
8/6/97    1240     NA      NA       373        1.5      0.27

8/13/97 1245 NA NA 354 1.0 0.16
8/20/97 1240 NA NA 368 1.5 0.20
8,’27197 1245 NA NA 442 2.3 0.26
9/3/97 1050 NA NA 553 3.4 0.38
9/t0/97 1240 NA NA 358 1.8 0.21
9117/97 t 130 NA NA 354 1,1 0.17
9/24/97 956 NA NA 379 1.0 0.19

Coum 15 16 46 43 44 0 0 I 1 1

Min 52 6.1 187 0.5 0.11 87 18 10
Max 74 8.7 4240 3.4 0.46 87 18 10

hlean 60 7.9 518 1.3 0.25 87 18 I 0
Get~ Me:m 59 7.9 441 1.2 0.24 87 18 10

Median 59 8.2 432 1.2 0.24 87 18 I 0
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Hamburg Drain near Camp I3 Slough (MER504)
Location: Latitude: 36°56’20’’, Longitude 120°45~_6". In SE 1/4, SE 1/4, SW 1/4, S�c. 27, T.11S, R,1 IE, 50 fe,’t south

of CCID main canal. 9.2 miles S-SE of Los Banos. 6.7 miles W-SW of South Dos Palos.

Lab EC Se Boron
Date Time Temp F pH ~mhos/cm) . (~.g/L).,

10/3/96 1015 69 8.5 476 1.3 0.24
10/8/96 1125 81 8.7 598 2.3 0.59

10118/96 1105 62 8.0 3530 19.8 4.2
10/25/96 1130 59 8.4 3430 19.8 4.2
11/1/96 1505 79 8.2 3450 18.8 3.9
11/8/96 1055 62 8.4 3510 19.8 4.4

11/14/96 1010 59 8.3 3350 18.2 4.2
I 1/19/96 1237 66 8.3 3410 17.2 4.2
11/26/96 1330 68 8.2 3250 17.6 4.2
12/20/96 0955 46 7.5 3580 ! 8.4 4.2
1"2/27/96 1700 52 8.0 3610 22.6 4.4

Min 46 7.5 476 1.3 0.2
Max 81 8.7 3610 22.6 4.4

Mean 64 8.2 2930 16.0 3.5
Geo Mean 63 8.2 2460 12.4 2.7

Median 62 8.3 3430 18.4 4.2
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Camp 13 Slough at Gauge Station (MER505)
Location: Latitude 36°56’21", Longitude 120°45’22". In SE 1/4, SE 1/4, SW 1/4, Sec. 27, T.11S., R.I IE. 150 feet north of

CCID Main Canal, 6.4 miles west of Russel Avenue. 9.2 miles SE of Los B anos. 6.7 miles SW of South Dos Palos
(

Temp EC Se B Cl SO4 HDNS Ca Mg
Date Time °F pH tm~hos/cm ~tg.,/L ~ mg/L mg/L ~ mp__,/L m.g/L mg/L

10/3/96 1020 69 8.3 382 0.8 0.16
10/8/96 1135 72 8.7 347 0.8 0.18
10/18/96 1110 64 8.5 360 0.6 0.16
10/25/96 1145 59 g.7 394 0.8 0.21
11/1/96 1500 63 9.0 394 0.8 0.17
11/8/96 1110 56 7.5 491 0.9 0.28
1 I/I 4/96 1020 59 8.7 434 0.7 0.25
11/19/96 1230 61 8.4 483 0.9 0.28
!1/26/96 1320 61 8.1 445 1.0 2.6 64* 49* 30 9 1.8
1 ~5/96 NA NA NA NA NA NA
1~10/96 NA NA NA HA HA NA
19-/20/96 1005 46 8.4 612 1.4 0.37
1 ~27/96 NA NA NA 689 1.7 0.40

1/9/97 0929 50 8.5 224 NA 0.15
tf21/97 NA NA NA 178 NA NA
2/4/97 0838 58 7.6 1600 23.4 1.8
2/18/97 1409 56 7.9 172 NA NA
3/5/97 1400 58 6.6 1380 2.0 2.3
3/1 ~97 0800 NA NA NA 2.8 3.5
3/19/97 0837 NA NA 1880 5.2 3.3
3~6/97 0840 NA NA 3760 3.7 7. I
4/2/97 0840 NA NA 3750 4.7 6.5
4/9/97 0842 NA NA 560 1.7 0.33

4/16/97 0943 NA NA 1290 2.7 1.6
4~3/97 0920 NA NA 480 1.6 0.30

~,:.~., 5/1/97 0927 NA NA 955 2.6 1.0
5/7/97 0925 NA NA 1210 13.5 1.1

5/14/97 1000 NA NA 520 1.0 0.30
5/21/97 0917 NA NA 496 ] .0 0.26
5/28/97 0920 NA NA 715 2.5 0.64
6/4/97 ] 005 NA NA l 190 2.3 1.4
6/11/97 1051 NA NA 703 1.5 0.69
6/18/97 1034 NA NA 519 1.4 0.33
6/25/97 0953 NA NA 1390 2.3 1.9
7/2/97 1042 NA NA 563 1.1 0.49
7/9/97 1023 NA NA 460 1.1 0.33
70 6/97 1050 NA NA 614 1.6 0.58
7/23/97 1030 NA NA 614 1.2 0.41
7/30/97 1054 NA NA 1110 2.2 1.2
8/6/97 1050 NA NA 1400 2.2 2.0

8/13/97 t 048 NA NA 815 3.5 1.0.
8/20/97 1027 NA NA 352 1.0 0.20
8~7,’97 1032 NA NA 459 2.3 0.31
9/3/97 1000 NA NA 502 3.6 0.35

9/10!97 1022 NA NA 496 3.1 0.32
9117197 1015 NA NA 341 1.2 0.18
9124/97 800 NA NA 439 1.2 0.23

Count ] 4 1 ~ 44 42 43 0 0 1 1 1
Min 46 6.6 172 0.6 0.15 30 9 1.8
Max 72 9.0 3760 23.4 7.1 30 9 1.8

Mean 59 8.2 822 2.6 1.1 30 9 1.8
De, Mean 59 8.2 634 1.8 0°58 30 9 1.8

~i." Median 59 8.4 520 1.6 0.37 30 9 1.8
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Charleston Drain at CC[D Main Ca~al (M~_,I:LS02)
~tion:~titud~ 36%6’59" ~ngitud~ 120~46’48". h ~ 1/4, SE 1/4, ~ 1/4, S~c. 29, T.115., R.I I~

North Side of CC~ M~n C~, 8.7 ~ S-SE of Los B~os. 7.9 ~es W-SW of Sou~ Dos P~os.
~b EC          Se          Bo~_

Date .Time ~mp ~ pH . (~o~c9~ (g~) (m~
0/3/96 1005 68. 8.2 979 6.7 0.71.
0/8/96 1110 72 7.7 870 7.5
0/18~6 1050 62 7.1 1650 14.4 1.4.
0/25~6 1115 58 7. 8 16~ 14.2 1.5
1/I/96 .1510 63 8.6 16~ 14.6 1.4
I/8/96 1045 56 7.5 17~ 15.9 1.7
1/14~6 1000 58 8.0 17~ 15.8 1.6 _
1/19~6 13~ .62 8.7 1880 I6.0 1.7:
1/26D6 1345 ~ 60 8.4 19~ 17.6 1.8
~20~6 0945 48 7.5 2470 24.1 Z4 "£’ "

Count I0 I0 I0 I0 10
Min 48 7.1 870 6.7 0.7
Max 72 8.7 ~70 2~. I 2.4

Mean 61 7.9 1670 ] 4.7 1.5
G¢o M~an 60 7.9 16~ 13.8 1.4

M~ 61 7.9 1740 15.2 1.6

Almond Drive Drain (MER5551
Location: Latitude 36059’55’’. Longitude 120°49’00’’. In SW 1/4. SW 1/4, SW 1/4, Sec. 6, T.11S., ILl 1E.

North side of Almond Drive. 1.1 tulles east of Mercy Springs Drain, 100 feet east of CCID blain
Canal. 4.7 miles south of Los Banos

Lab EC Se Boron
Dat~ Time Temp F pH (umhos/cm) (~.g/L) (nlg/L)

11/I/96 1530 63 8.7 360 0.6 0.14
11/26/96 1405 62 8.2 436 NA NA
I ~27/96 0758 51 6.8 588 NA NA

Rice Drain at Mallard Road (bIERS09)
’Locatkm: Latitude 36°5922" Longitude 120°42. 14". In NE 1/4. NW 1/4. SW 1/4, Sec. 7, T.115., R.11E.

South ofSante Fe Grade at Brito, 50 feet west of blallard Road. 4.5 miles west of Dos Palos.
Lab EC Se Boron

Date Time Temp F pH (,it nLhos/cm) (.~g/L). .

(n. hg/L)"

1 I/I/’06 1230 60 7.3 1550 1.0 3.0
I I/26/96 1125 59 7.7 1830 NA NA
12/27/96 1030 54 7.5 2790 NA NA

Salt Slough Ditch at Hereford Road (MER528)
Location: Latitude 37008’30’. Longitude 120°45’17". In NW 114, NE 1/4, I’~V 1/4, Sec. 22, T.9S., R.11E.

3.0 miles north on Hereford Road from Henry Miller Road.
Lab EC           Se           Boron

Date Time Ten)p F ....... pH (Fndaos/cn.~.1 (ktg/L) .. .... (re.g/L)
] 1/1/96 1140 60 7.9 741 0.5 0.20

I 1/27/96 950 55 7. I 758 NA NA
12/26/96 1420 48 8.0 1110 NA NA

CCIIO ,Main at Russel Avenue (MER510I
Location: Latitude 36°55’28". Longitude 120~39’I 1 ". In SE 1/4, SE 1/4. SE 1/4. Sec. 33. T.1 IS.. R.I 2E.

2.7 miles south of Dos Palos.
Lab EC Se Boron

D;~tc Time Temp F pH (p.mhos/cm~ (p.g/L~ (mg/L~
/-" ’ .:.              1 I11196 1405 61 8.4 352 0.7 0.13
~,.~, I 1126196 ] 205 60 8.1 431 NA NA

12/27/96 ,~835 51 7.8 599 NA NA
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Santa Fe Canal at Hertry Miller Road (MER519)
Location: Latitude 3 7°05’59 ", Longitude 120°49’44". In NE 1/4, NE 1/4, Sec. 1, T. 10S., R. 1 OF.. 0.3 railcs

east of Lander Aveaue. 3.0 miles north of Gustine.

Temp EC Se B CI SO4 HDNS Ca Mg

Date Time °F pH gmhos/cm ~/L ¯ mg/L . mg/L mg/L mg/L , m~_./L mpJL

l I/1/96 1100 60 8.7 467 1.0 0.25 59 54 110 24 13

11/8/96 0940 54 7.0 482 0.8 0.24
11/15/96 0937 57 7.3 573 0.9 0.35

11/22/96 0930 63 6.9 620 1.0 0.41
11/27/96 845 55 6.5 705 1.2 0.44
12/6/96 0935 50 6.7 638 1.2 0.35
12/12/96 1155 58 7.7 455 1.2 0.34
12/19/96 1305 52 7.6 630 1.3 0.32
12/26/96 1350 48 7.9 1230 1.5 1.5

2/4/97 1110 58 8.4 544 2.3 0.49
2/I 1/97 1240 58 7.9 339 0.8 0.35
2/18/97 1200 55 7.5 1750 1,4 2. 5
2/28/97 1030 54 8.4 1760 2.3 2.5
3/5/97 1530 NA NA 1870 2.9 2.5
3/12/97 1115 NA NA NA 2.0 1.6
3/19/97 1145 NA NA 1400 2.0 2.1
3/26/97 1255 NA NA 1870 3.1 2.9
4P.,/97 1326 NA NA 1570 1.8 2.6
4/9/97 1256 NA NA 1480 2.4 1.8
4/16/97 1320 NA NA 1720 3.0 1.7
4~3/97 1336 NA NA 1130 3.2 1.1
5/1/97 1310 NA NA 870 2.6 0.81
5/7/97 1314 NA NA 825 2.9 0.66
5/14/97 1321 NA NA 861 1.9 0.65

£~’!" "" 5/21/97 1335 NA NA 746 1.6 0.63
~.,., 5~8197 1315 NA NA 892 2.1 0.86

6/4/97 1340 NA NA 1100 Z6 1.0
6/11/97 1320 NA NA 1070 2.5 1.1
6/I 8/97 1330 NA NA 968 2,4 1.1
6/25/97 1325 NA NA 1060 Z4 1.3
7/2/97 1410 NA NA 799 2.2 0.74
7/9/97 1320 NA NA 946 ~6 0.98
7/16/97 1330 NA NA 841 2.2 0.96
7/2_3/97 1340 NA NA 797 2.1 0.83
7/30/97 1335 NA NA 938 2.1 I.I
8/6/97 1340 NA NA 976 2.2 1.2

8/I 3/97 1330 NA NA 776 1.9 0.86
8/20/97 1320 NA NA 825 2.1 0.71
8/2-7/97 1340 NA NA 682 Z7 0.52
9/3/97 1330 NA NA 640 3.5 0.51
9/I0/97 1340 NA NA 521 3.1 0,38
9/17/97 124t1 NA NA 642 3.9 0.54
9/24/97 1025 NA NA 499 1.3 0.38

Count 13 13 42 43 43 1 1 1 1 1

Min 4S 6.5 339 0.8 0.24 59 54 110 24 13

Max 63 8.7 1870 3.9 2.9 59 54 110 24 13

Mean 56 7.6 941 2.1 1.0 59 54 110 24 13

Geo Me~tn 55 7.5 859 2.0 0.81 59 54 110 24 13

M ,.’di;tn ~ 5 7.6 833 2. I 0.83 59 54 110 24 13
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San Luls Canal at Henry Miller Road ~[ER532)
Location: Latitude 37 06’ 00" Longitude 120 49’ 13". In SE 114, SW 1/4, SE 1/4, Section 36, Tl0s, R10E.
The sit~ is 3 miles northeast of Los Banos at the Los Banos Wildlife Refuge.

Temp EC Se
Date "rt e

1111196 1 I05 60 8.2 828 1.1 0.90
I 1/8/96 0950 55 7.5 943 1.1 1.1
11/15/96 0945 58 7.4 967 1.0 1.2
11/22/96 0940 63 7.1 910 1.I 1.1
I 1/27/96 925 56 7.1 1020 1.1 1.2
1 ~6/96 0950 50 7.0 911 1.1 0.g8

I ~I 2/96 1200 57 7.5 868 1.1 1.3
1919/96 1315 52 7.6 1080 1.2 1.3
1 926/96 1410 NA NA NA NA NA
214/97 1120 60 7.9 1290 6.2 1.5
2/11/97 1250 59 7.2 1240 1.1 1.8
918/97 1210 55 7.7 1700 1.0 2.5
2/28/97 1040 52 8.2 1300 1.6 2.0
3/5/97 1520 NA NA 1590 1.5 2.2
3/1 997 1125 NA NA NA 1.1 1.0
3/19/97 1150 NA NA 1230 2.5 1.6
3/2-6/97 1115 NA NA 1840 . 2.5 3.3
4/2/97 1340 NA NA 1820 3.6 2.3
4/9/97 1315 NA NA 1550 2.7 1.8

4/I 6197 1307 NA NA I 110 3.2 0.94
4/23/97 1328 NA NA 1120 3.3 1.1
5/I/97 1320 NA NA 860 3.0 0.78
5/7/97 1320 NA NA 775 2.3 0.57

5114/97 1315 NA NA 803 1.6 0.57
5/21/97 1345 NA NA 908 1.9 0.86
5/2-8/97 1307 NA NA 848 1.9 0.69
6/4/97 1350 NA NA 909 2.6 0.79
6/11/97 1315 NA NA 798 2.1 0.69
6118/97 1306 NA NA 813 2.2 0.80
6125/97 1315 NA NA 860 2.1 0.80
7/2/97 1400 NA NA 698 1.9 0.61
7/9/97 1310 NA NA 917 2.5 0.87
7/16/97 1321 NA NA 628 1.8 0.52
7/23/97 1320 NA NA 762 2.1 0.71
7/30/97 1320 NA NA 750 1.8 0.75
~/6/97 1330 NA NA 886 2.0 0.86
8/13/97 1310 NA NA 619 1.5 0.55
~/20/97 1311 NA NA 781 Z0 0.73
8127!97 1330 NA NA 708 2.7 0.57
9/3~7 1300 NA NA 605 3.2 0.47

9/I 0/97 1331 NA NA 501 3.4 0.38
9/I 7/97 I 150 NA NA 660 4.3 0.57
9/24/97 1020 NA NA 507 1.6 0.36

Count 12 12 41 42 42
Min 50 7.0 501 1.0 0.36
Max 63 8.2 1840 6.2 3.3

Mean 56 7.5 973 2.1 1.1
Geo Mean 56 7.5 924 1.9 0.94

Median 57 7.5 886 2.0 0.87
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Porter-Blake Bypass (M]~RS48)
Location: iadtud~ 37°05’58.5", Longitude 120°49’14.5". In hSV U4, S~c. I, T.10S., RAOE. 7.5 miles ~ast

of the int*rse.~ction of Henry Milller and M,~rcy Springs Roads. 2 miles noah of Los Banos.

Temp EC Se B
Date Time °F .... pH ganhos/em . ~ .g~L. ~ .

11/1/96 1120 62 8.00 832 1.0 0.92
11/27/96 910 55 6.86 1050 1.1 1.3
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Mud Slough (north) at San Luts Drain (MER542)
Location:Latitude 37019’50", Longitude 120"57"03". In NW 1/4, NE 1/4, NW 1/4, See. 14, T.7S., R.9E. 5.0 miles east of

Gustine, 3.5 miles SE of Highway 140. Located within Kesterson N. W. R.

Temp EC Se Mo B CI SO4    txrDNS Ca Mg
, Date Time °F pH . prrthostcm,_ pg/L ~tg/L ¯ mg/L mg/L mg/L , ragS_, . mga/L ....m___.g~_

10!3/96 0840 68 7.0 3490 56.7 4.9
10/8/96 0950 73 8.0 1890 20.3 2.5

10/18/96 0835 59 ¯ 6.0 1680 13.5 2.1
10/25/96 0930 58 8.0 1540 13.8 1.8
10/29/96 1135 56 7.4 1880 12.2 11 NA
11/1/96 0835 59 6.4 1810 NA 2.0 210 390 410 98 39
Ii/8/96 0830 54 7.6 1510 8.0 1.5
11/14/96 0815 58 6.5 1590 9.I 1.8
11/19/96 0915 62 6.5 1710 11.2 2.0
11/26/96 0830 59 6.5 1430 9.0 8 1.5 180 270 270 59 30
12/5/96 0809 NA . 6.5 1860 5.0 2.0

12/10/96 1145 56 7.3 1500 5.5 1.6
12/27/96 1158 56 7.4 1150 5.7 3 1.1
1/9/97 1342 54 7.7 1280 5.0 1.3
1/21/97 0940 53 7.7 1620 9.2 6 1.8
2/4/97 1231 62 7.5 1310 7.4 1.5
2/11/97 0955 55 7.8 2250 16.8 2.9
2̄/18/97 0935 52 7.8 3140 33.2 4.3
2/28/97 0758 51 8.1 3350 32.4 19 4.2
3/5/97 1710 58 8.5 3770 44.8 5.3

3/13/97 0810 61 8.2 3560 46.5 5.1
3/20/97 0800 64 7.9 2980 33.2 3.9
3/27/97 1425 72 8.3 3640 42.4 17 4.5

-,~ ~.~
4/3/97 1247 60 8.1 4420 61.9 6.1
4/10/97 0730 58 7.4 4770 69.1 6.2
4117/97 1210 72 8.0 3870 58.6 4.9
4/24/97 1116 64 8.4 4660 79.6 24 6.5
5/2/97" 0945 64 8.4 4280 52.0 5.9
5/8/97 0725 67 8.1 4930 63.1 6.8

5/15/97 1415 83 8.6 3920 58.7 5.3
5/29/97 0935 76 8.5 2890 32.3 17 4.2
615/97 1113 74 8.3 3810 47.2 5.5
6/I 2/97 l i I 0 78 8.5 3730 36.4 6.0
6/19/97 NA NA NA NA NA NA
6/25/97 1115 76 8.2 3640 41.6 21 5.6
7/2/97 1300 77 8.4 3990 50.4 6.6
7/10/97 1144 78 8.3 3310 29.7 5.8
7/I 7/97 1140 82 8.4 3730 33.3 6.5
7/24/97 1148 82 7.9 3510 36.4 6.1
7131/97 1245 80 7.2 2550 18.4 16 4.2
8/7/97 0947 81 8.0 3150 28.6 5.2
8/14/97 1220 80 7.6 3650 37,5 6.3
8/21/97 1537 84 7.8 3100 32.9 4.8
8/27/97 1145 78 6.0 3340 40.6 23 5.3
9/5/97 0915 80 7.2 3080 23.6 4.7
9112/97 0930 73 7.4 2640 20.4 4.1
9fi 8/97 1252 78 7.8 1950 8.4 2.7
9125/97 1505 ’ 84 8.0 2170 8.6 20 3.0

Count 46 47 47 46 12 46 2 2 2 2 2
Min 51 6.0 1150 5.0 3 1.1 180 270 270 59 30
Max 84 8.6 4930 79.6 24 6.8 210 390 410 98 39

Mean 68 7.7 2870 30.7 15 4.1 195 330 340 79 35
3eo Mean 67 7.6 2660 23.3 13 3.6 194 324 333 76 34

Median " 66 7.8 3100 32.4 17 4.4 195 330 340 79 35
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Los Banos Creek at State Highway 140 (1VIERS54)
Location: Latitude 37°16"35", Longitude 120°57’14". In NE 1/4, SW 1/4, SW 1/4. See., 35, T.7S., R.gE.

South side of highway 140, 2.9 miles NE of Gustine.

Lab EC Se Boron
Date Time Temp F pH ~mhos/cm,.) .....

-10131/96 1055 58 7.0 725 0.3 0.52
11127/96 1130 57 7.1 1140 HA HA
12/26/96 1250 48 7.8 1320 HA HA

C--11 51 O0
(3-115100



Salt Slough at I~nder Avenue (State HiBhway 165) (MER531)
Location: Latitude 37°14’5Y’, Longitude 120°51°04". In NW 1/4, SE 1/4, SE 1/4, Sec. 10, T.SS. R.] 0E. 13.0 mfl~s north of

Los Banos. 5.0 n~l~s south of Highway 140.

Temp EC Se Mo Cr Cu

10/3/96 0745 67 5.6 1400 1.2 0.70
1018/96 1030 72 7.9 1110 1.! 0.55

10/]7/96 1025 65 6.7 1790 0.8 0.80
]0/24/96 0900 59 6.1 ]360 0.7 0.66
10/31/96 0950 57 5.7 1000 1.0 4 0.58 130 130 240 53 25
1 I/7/96 0740 58 5.3 1280 0.8 0.85

] 1/15/96 1005 57 7.5 ]420 0.8 0.87
11/22/96 I0]0 64 7.4 1320 1.0 0.94
11/27/96 ]040 58 7.] 1320 .0.8 4 0.99 ]90 200 290 65 3]
12/6/96 ]0]0 51 7.2 ]500 0.9 ].0

1 2/12/96 I]35 58 6.9 I]30 ].l
12/19/96 ]230 54 7.0 1680 0.7 1.1
12/26/96 1322 48 7.4 ]780 0.8 7 1.1

I/9/97 1225 52 8.0 ] 200 1.0 0.85
1/24/97 1255 52 7.0 1610 ].0 7 1.3 240 290 350 76 39
2/7/97 1420 57 7.4 ! 930 3.4 1.8

2/I 3/97 1310 54 7.8 1670 0.7 ] .3
2//-I/97 1010 56 7.3 1310 0.5 0.71
2/26/97 1250 53 7.4 I ] ] 0 0.6 7 0.50
3/5/97 ] 6] 5 57 7.8 ] 070 0.5 0.47

3/] 2/97 ] 820 59 7.8 1090 0.6 0.52
3/20/97 1030 66 8.0 ] ] 80 ] .4 0.75
3/27/97 1310 70 7.5 1780 1.1 7 1.3
4/3/97 1020 60 7.7 2000 ].0 1.I

4/I 0/97 0820 58 8.1 1860 1.0 0.81
~. 4/I 7/97 1020 70 8.0 1770 I. l 0.75
~"~" 4/24/97 ]012 62 7.5 ]820 ].l 10 0.81 280 250 360 77 41

5/2197 0800 61 8.2 ]670 I.] 0.82
5/8/97 082l 69 7.9 1700 l.l 0.77

5/15/97 .0905 75 7.9 1670 l.l 0.74
5/23/97 1200 72 8.2 1360 0.9 0.56
5/29/97 1050 78 8.4 ] 200 1.3 6 0.65
615197 0952 70 6.6 ]620 ].2 0.74

6/I~97 ]240 80 8.1 1370 l.l 0.61
6/] 9/97 NA NA NA NA NA NA
6/25/97 ]010 76 7.8 1350 I.] 9 0.73
7~-/97 ] 150 74 7.7 1070 I.] 0.50

7110197 0932 75 7.8 ]310 0.9 0.65
7/I 7/97 I 100 78 8.6 1030 1.0 0.48
7/24/97 0945 78 8.2 ll~I0 0.9 0.56
7/31/97 I045 78 8.4 975 l.l 5 0.57 110 120 200
8///97 0834 79 7.3 ] ] 30 ] .3 0.69

8/|4/97 | |35 80 7.8 922 0.8 0.46
8/2I/97 1214 ~0 7.6 982 0.9 0.40
8/°-7/97 1430 80 6.0 I I ] 0 1.0 5 0.48
9/5/97 ]050 82 8.] I190 1.8 0.53

9/I 2/97 0815 74 6.7 1200 1.5 0.57
9118/97 ]039 74 7.0 ]050 1.6 0.50
9/25/97 1600 S5 8.0 1380 0.7 9 0.65

Count 48 ,. 48 48 48 12 0 0 0 0 0 48 5 5 5 4
Min 48 5.3 922 0.5 4 0.40 1 ! 0 120 200 53 25
Max 85 8.6 2000 3.4 10 1.8 280 290 360 77 41

"- Mean 67 7.4 1370 1.0 7 0.77 190 198 288 68 34
...... Geo Mean 66 7.4 1340 1.0 6 0.73 179 187 281 67 33

Median 67 7.6 1320 1.0 7 0.72 190 - 200 290 71 35
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Mud Slough Upstream of San Luls Drain (MER536)
Location: Latitude 37°19’50", Longitude 120°57"03". In NW 1/4, NE 1/4, NW 1/4, Sec. 14, T.7S., R.9~ 5.0 miles east of

Gustine, 3.5 miles SE of Highway 140. Located within Kesterson N. W. 1L

Temp EC Se Mo B CI SO4 H~DNS Ca Mg

,,. Date Time °F pH l~mho~Icra Fg/L l~g/L ¯ m.g/L m~. mg/L mg/L ,rag/L,, , mg/L
10/3/96 0830 65 6.3 1050 0.7 0.65
10/s/% 1010 71 8.0 744 0.6 0.56
10/lS/96 0825 58 5.~- 967 o.s 0.77
102_5/96 0955 57 7.8 953 0.5 0.71
10/29/96 1135 56 7.8 1120 0.5 7 NA NA NA NA NA NA
11/1/~6 os:o 59 5.4 1020 ~A 0.77
11/8/96 0810 54 7.3 1050 0.4 0.76

11/14/96 0805 58 6.1 1020 0.4 0.75
11/19/96 0900 62 6.5 1070 0.4 0.81
11/26/96 0905 59 7.3 1000 0.5 NA 0.79 140 120 180 34
12/5/96 0801 N:, 5.9 1380 0.5 1.0
12/10/96 1215 58 7.4 983 0.5 0.75
1 2/20/96 0835 .46 7.9 950 0.4 0.80
t 2/27/96 I 150 56 7.4 828 0.5 3 0.67

1/9/97 133~ 54 7.5 921 <0.4 0.72
1/21/97 0920 53 7.6 1070 0.4 3 0.87 120 140 210 39 27
2/4/97 1219 62 7.5 875 0.5 0.77
2/11/97 0930 56 7.2 1430 0.7 1.4
2/18/97 0925 52 7.6 1730 0.7 1.8
2/28/97 0741 50 7.6 2040 1.0 NA 2.0
3/5/97 1725 60 8.3 2030 0.8 2.0

3/13/97 0750 51 7.l 1970 1.0 2.1
3~0/97 0739 6.4 6.8 1910 1.0 2.1
3~7/97 ,415 72 8.1 ~-350 0.9 7 2.4

,,.-- 4/101q7 9718 54 6.8 2960 1.3 o-.9
4/17/97 1225 72 8.2 1720 1.7 1.5
4/2_.4/97 1140 62 8.4 ~60 1.2 11 2.1 320 490 430 74 59
5/2/97 1010 63 8.2 2430 0.9 2.3
5/8/97 0711 63 8.4 2470 0.8 2.1
5/15/97 143~ 84 8.5 1430 1.4 1.1
5~3/97 1040 70 7.9 1080 0.7 0.95
5/29/97 0950 76 8.3 1130 1.2 5 0.94
6/5/97 ! 128 74 8.3 1610 1.6 1.3
6112/97 i 125 78 8.3 1500 1.5 1.2
6/I 9/97 ,"qA NA NA NA NA NA
6/25/97 ~ 105 76 7.9 1460 1.7 7 1.4
7~/9"7 ~ 245 79 8.4 1540 1.0 1.3

7t ~ 7/97 1200 80 8.3 1550 1.3 1.3
7/24/’-)7 1204 83 8.1 1160 1.5 1.0

. 7/31/,~7 1300 80 8.0 859 I. 1 3 0.70 93 120 190
8/7/97 1002 81 8.3 1130 0.8 0.92
8/I 4/q7 1210 82 7.3 1160 0.6 0.91
8/21197 1556 89 8.2 1220 0.6 0.9t~
8~7/97 1135 78 5.8 1260 1.1 5 0.96
~/5/97 0900 76 7.4 1190 0.6 0.,KS
9/1 ~t.y’, 0920 78 7.3 873 0.7 0.62
9/t 8/97 1307 79 8.1 881 1.0 0.60
9/25/97 1455 84 7.6 1050 0.6 !0 0.77

Cour~ ~g 49 49 48 1 t} 48 4 4 4 3 3
,".lit; 46 5.2 744 <0.4 3 0.56 93 120 180 34
Max 89 8.5 2960 1.7 1 ] 2.9 320 490 430 74 59

Mean 67 7.5 1390 0.8 6 1.2 168 218 253 49 36
,f.3 eo Me:m 66 7.5 1300 0.8 6 1.1 150 177 2.36 46 33

Mcdi;.m 65 7.8 1160 0.8 6 0.96 130 130 200 39 27
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Inflow at San Lu|s Drain." check :17 0~IER562)
ix~ation: La%i~ud~: 56=57.980’, Longkudc 120°40.238’. In Sec. 21, T.I IS., R.12E. Just west of South Dos Palos.

Slighdy downstream of point where the Grasslands Bypass empties into the San Luh Dr’~.
Temp               EC        Se      Mo      B       C1      SO4    HDNS DIss Se    TSS

,,..... ~ Date Time °F pH gmhoWcm ~g/L ~g!L ¯ mg/L mg/L _mg/L m~ ug/L.._ mg/L
10/3/96 1200 70 8.1 5210 77.4 7.8 79.1
10/8/96 1300 78 8.3 4220 75.5 7.7 44
10/18/96 1230 62 7.1 3940 38.6 7.1 37__5 140
10/25/96 1450 58 8.3 4270 51.4 6.7 49.5
10/29/96 1400 54 8.1 4020 62.0 27 NA 61.6
11/1/96 1310 62 7.4 3610 NA 5.1
11/8/96 1330 58 6.8 4250 61.3 7.9 61.1 42

11/14/96 1130 58 8.1 4390 76.8 7,3 51

11/19/96 1100 64 7.7 3460 56.2 5.6 57.0 77

11/26/96 1140 60 7.4 3470 40.6 5.7 39.6 64
12/5/96 1222 NA 7.7 5000 68.4 8.4 .69.9 49

12/10/96 1400 58 7.0 4020 NA NA 56.3 110
12/20/96 1305 48 8.5 4970 80.4 8.3 80.2 56
12/27/96 0945 55 7.8 5130 91.7 8.2 91.9 92

1/9/97 0854 50 8.0 4710 78.7 7.4 .76.6 90
1/21/97 1315 61 8.0 4870 88.2 16 7.5 84.8 180
2/4/97 1006 62 8.0 5140 72.0 8.7 70.5 71
2/11/97 1355 59 7.9 5360 97.5 9.0 96.6 58
2/18/97 1245 55 7.9 5140 80.3 8.3 78.6 41
2/28/97 I 124 54 8.0 5330 90.3 8.5 86.4
3/5/97 1435 58 7.5 5100 88.4 8.1 91.1 ’ 38
3/I 2/97 0950 NA NA NA 76.6 6.9 77.2
3/19/97 1050 NA NA 4420 74.6 6.8 71.1 85
3/26/97 1100 NA NA 4580 67.0 6.6 61.0 160
4/2/97 1115 NA NA 5370 93.0 8.1 95.8 120

;" -", 4/9/97 1115 NA NA 5600 108 7.6 117 130
~,~,~,) ’ 4/16/97 1140 NA NA 5310 104 7.1 104 83

4/23/97 1125 NA NA 5290 101 8.0 97.6 110
5/1/97 1113 NA NA 5480 96.8 8,4 96.6 110
5/7/9,7 1220 NA NA 4930 73.6 7.3 73.0 62
5/14/97 1130 NA NA 4380 61.6 6.8 57.6 130
5/21/97 1100 NA NA 4380 65.0 7.4 63.6 160
5/28/97 1130 NA NA 4330 58.5 7.0 60.6 45
6/4/97 1055 NA NA 4780 52.1 7.8 50.6 87
6/11/97 1120 NA NA 4980 81.0 8.7 78.9 39
6/18/97 1112 NA NA 4690 67.5 7.8 63.1 170
6/25/97 1141 NA NA 4850 61.5 8.5 60.5 130
7/2/97 1123 NA NA 4660 65.8 8.5 64.1 130

~ 7/9/97 1117 NA NA 4140 40.6 7.7 40.5 150
" 7/16/97 1123 NA NA 4220 54.5 7.8 53.0 120

7/23/97 1119 NA NA 4050 40.5 7.1 43.5 110
7/30/97 1134 NA NA 3950 45.5 7.3 44.6 170 "
8/6/97 1130 NA NA 4130 53.8 7.8 50.4 120
8/I 3/97 11 ,, NA NA 3650 38.4 6.4 39.0 140
8/20/97 1106 NA NA 3330 30.8 6.4 30.4 160
8/27/97 1110 NA NA 3990 55.4 6.9 53.7
9/3/97 0900 NA NA 4250 52.1 6.6 49.4 65
9/10/97 1130 NA NA 2620 17.9 4,2 16.6 190
9/17/97 1050 NA NA 3160 22.8 5.5 21.8 94
9/24~7 945 NA NA 3460 29.0 6,0 28,0 96

Count 20 21 49 48 2 48 0 0 0 47 43

/".      Min 48 6.8 2620 17.9 16 4,2 16.6 38
. Max 78 8.5 5600 108 27 9.0 1 !7 190

Mean 59 7.8 4460 65.9 22 7.3 64.5 100
3co Mean 59 7.8 4405 61.7 2! 7.3 60.0 92

Median 58 7.9 4390 66.4 22 7.5 61.6 96
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San Luis Drain @ Terminus (M:ER535)
Location: Latitude 37°19’50’’, Longitude 120°57"03". In N-W 1/4, NE 1/4, NW 1/4, Sec. 14, T.78., R.9E. 5.0 mil~s east of

Gustine, 3.5 miles SE of Hdghway 140. Located within Kesterson N. W. R.

Temp EC Se Mo B CI SO4 I~IDNS Ca Mg Dlss Se TSS

.... Date Time... °F pH ~nhos/cm ~tg/L ~tg/L ¯ mg/L mg/L ~ __ ~ mg/L ....rag/L. Fg/L .mg/L
10/3/96 0916 70 7.9 4340 66.8 6.4 65.8
1018/96 0930 74 7.3 4330 62.5 6.9 8
10/18/96 0935 62 6.9 3590 43.0 6.0 41.8 67
10/25/96 0859 58 8.0 4280 79.8 7.2 77.2 NA
10/29/96 1045 54 7.6 4260 54.6 35 NA 460 1200 I000 280 79 54.8
1111196 0915 60 7.4 4010 NA 6.0
1118196 0900 55 8.0 3570 43.2 5.2 42.1 12
11/14/96 0850 58 7.6 4330 58.0 7.5 NA 8
11/19/96 0930 62 7.2 4770 75.8 8.4 75.2 10
I 1/26/96 0950 60 7.4 3300 58.9 30 5.5 390 1100 860 230 69 56.4 <1
12/5/96 840 NA 7.1 3910 30.1 6.2 31.0 14
12/10/96 1110 56 6.5 4330 38.9 7.3 39.0 25
12/20/96 0945 46 8.1 4200 49.8 7.1 49.0 15
12/27/96 1321 57 7.6 4000 60.8 0.3 5.9 61.6 22
1/9/97 1505 56 7.9 3830 33.3 5.2 34.2 12
1/21/97 1050 54 7.9 4530 57.0 22 7.0 520 1400 1100 280 92 56.4 33
2/4/97 1315 62 7.6 4510 63.6 7.2 61.8 27
~I 1/97 1050 58 7.8 51 I0 78.4 8.3 78.4 33
2/18/97 11~20 54 8.1 5150 79.7 8.1 83.2 34
2128/97 0905 50 8.3 4770 77.6 27 7.1 73.4 .
3/5/97 1700 58 8.3 5210 89.3 8.2 87.1 26
3/13/97 0925 58 7.1 4630 91.8 7.3 84.4
3~0/97 0925 64 8.4 4280 70.2 6.6 70.4 27
3/’27/97 1,145 72 8.5 4630 78.9 29 6.5 78.1 45

~i 4/3/97 i050 59 8.1 5130 96.2 7.4 93.7 33~ 4/I0/q7 0755 58 7.6 5270 105 7.2 102 37
4/17/97 1055 71 8.2 5460 107 7.8 110 34
4/24/97 1048 65 8.0 5020 95.2 26 7.3 600 1700 1200 320 100 93.6 48
5/2_/97 0830 63 8.4 5080 72.6 7.3 73.7 39
5/8/97 0750 67 8.3 5270 80.3 7.7 78.3 29
5/15/97 0940 76 8.5 4670 75.2 6.6 75.7 28
5/23/97 1105 74 8.2 4200 64.2 6.7 64.6 46
5~9197 0915 78 8.2 4350 62.3 23 7.1 60.9 140
6/5/97 1018 74 8.0 4820 72.8 7.8 70.4 46
6/1 ~97 1015 76 8.5 4560 54.6 7.9 55.0 27
6/19/97 NA NA NA NA NA NA 7t .3 23
6/25/97 1135 76 8.3 4690 73.3 26 7.7 73.6 13
7~/97 1230 76 8.4 4410 59.9 7.8 59.8 30
7/10/97 1118 78 8.3 4030 34.9 7.4 35.0 25
7/17/97 I 120 80 8.2 4060 37.0 7.4 37.0 18
7~4/97 1011 81 8.0 4000 41.8 7.1 39.5 17
7/31/97 1200 78 6.3 3940 43.7 25 7.2 420 1300 920 42.4 17
8f7/97 0856 81 7.6 3190 27.9 5.6 27.7 21
8/14/97 1235 80 8.0 3780 42.3 6.8 41.7 18
8/21/97 1430 82 7.2 3240 31.2 5.3 31.0 32
8~7/97 1200 78 7.2 3840 48.9 25 6.4 47.2 I7
9/5/’-)7 0930 82 8.1 3190 23.4 5.1 oa.3 25
9/I ~t~7 1020 78 7.9 2720 17.0 4.4 16.4 22
9/I 8/97 1225 78 7.3 2920 17.1 4.8 17.0 22
905/97 1535 82 8.0 3390 18.3 35 5.6 18.4 19

Count 48 49 49 48 12 48 5 5 5 4 4 47 44
Min 46 6.3 2720 17.0 22 4.4 390 - 1100 860 230 69 16.4 8(~....
]X.htx 82 8.5 5460 107 35 8.4 600 1700 1200 320 I00 110 140

Mean 67 7.8 4270 59.3 27.167 6.8 478 1340 1016 278 85 58.7 28
Geo Mean 66 7.8 4220 54.0 26.867 6.7 472 1325 1009 276 84 53.4 ~

Median 66 8.0 4330 60.4 26 7.1 460 1300 1000 280 86 60.9 25
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APPENDIX C

Water Quality Data from. Sigma Autosamplers: Water Years 1995 and

Index Site I~D. Site Name Record Page

I-1 MER556S Main (Firebaugh) Drain @ Russell Ave. 10/95-12/96 99
I-2 MER501S Panoche Drain 10/95-i/97 101
I-4 MER506S Agatha Canal @ Mallard Road 1/97-3/97 103
I-7 MER505S Camp 13 Slough 1/9%3/97 104
0-2 MER542S Mud Slough (N) downstream of San Luis Drai~10/95-3/97 105
0-4 MER531S Salt Slough @ Lander Avenue 10/95-3/97 107 ,

SLD-2 MER535S San Luis Drain @ Terminus 9/96-9/97 109

Legend of Abbreviations
EC Electrical Conductivity
Se Selenium
B Boron
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Main (Flrebaugh) Drain at Russel Avenue (MER556S)
Location: Latitude: 36055’2.7’’, Longitude 120°39’11". In SW 1/4, SW 1/4, SW 1/4, Sec, 34, T.11S.,tL12E.

East side of Russel Avenue, 2.7 miles south of Dos Palos.
AUTOSAMPLER DATA : 4 day composite samples

EC Se B EC Se B

,    Date p~ohos/cm ~t~ ¯ mg/L , , Date , !.tmhos/on ,,, g/L ¯ m.g/L

1014195 2120 33.7 2.8 4/7D6 4540 119 5.4
10/6/95 2870 50.7 NA 4/11/96 4770 120 5.8
10110/95 2630 56.4 3.4 4/I 5/96 4230 104 5.3
10/I 4/95 2250 36.4 3.0 4/19/96 2990 61.9 3.4
10/18/95 2060 27.4 2.9 4/23/96 3710 85.6 3.9
10/22/95 2870 34.5 3.6 4/27/96 3590 90.8 3.9
10/26/95 2630 29.4 3.5 5/I/96 4550 122 4.6
10/30/95 3670 38.4 4.7 5/3/96 4030 94.0 NA
11/3/95 3700 40.3 4.4 5/7/96 3390 74.3 3.6
11/7/95 3060 42.8 4.2 5/11/96 3200 64.5 3.3
11/11/95 2320 31.0 3.1 5/I 5/96 2920 54.6 3.0
I 1115/95 3140 48.0 4.6 5/16/96 2640 49.5 NA
11/I 9/95 3250 30.1 4.2 5/20/96 2640 40.0 2.5
11124/95 2640 47.2 3.6 5/24196 2770 46.2 3.1
11/28/95 3330 60.4 4.8 5/28/96 2760 48.8 3.0
I ~2/95 2310 38.8 2.8 5/30/96 2610 44.5 3.0
12/6/95 2550 53.3 2.9 6/3/96 2870 43.6 3.4
1 ~8/95 2220 42.6 2.6 6/7/96 2600 35.4 3.2
1 2/12/95 2000 31.9 2.1 6/11196 2910 43.1 3.5
1 2/16/95 2200 35.4 2.3 6/I 5/96 2510 34.6 2.9
12/20/95 3070 57.8 3.8 6/19/96 2570 34.9 3.0
I ~22/95 3390 65.2 4.4 6/23/96 3250 52.2 3.5
1 2/26/95 4080 81.8 5.3 6/27/96 3410 57.4 3.6
1 2/30/95 2890 56.4 3.5 7/1/96 3240 55.0 4.3
1/3/96 5150 108 6.9 7/5/96 2870 44.8 4.1

I/8/96 3890 NA NA 7/11/96 2530 35.8 3.7
I/1 2/96 4600 83.8 5.7 7/15/96 3350 57.4 3.9
1/16/96 5520 94.4 7.6 7/19/96 2400 34.2 3.2
1/1 8/96 NA 122 NA 7/23/96 2350 32.2 3.3
1/22/96 4540 112 6.7 7/25/96 2330 33.3 3.3
1/26/96 3680 87.9 5.2 7/29/96 2060 27.8 2.8
I/30196 2870 55.6 3.4 8/2/96 1970 29.4 2.5
2/2/96 2710 53.4 2.7 8/6/96 2040 31.0 2.9
2/6/96 3560 63.2 3.4 8/8/96 1910 28.6 2.5
2/10/96 4870 108 NA 8/1 2/96 1990 27.9 2.7
2/14/96 4930 98.2 NA 8/16/96 1960 25.2 2.7
2/16/96 4760 95.9 4.4 8/20/96 1830 26.0 36
2/2-0/96 4890 102 NA 8/23/96 1980 30.2 2.7
2/23/96 4600 101 NA 8/27/96 2270 31.7 3.0
2/2_8/96 4820 104 NA 8/31/96 2410 38.2 2.9
3/1/96 5460 130 NA 9/4/96 2890 51.4 3.8
3/5/96 NA NA NA 9/5/96 2850 52.0 NA
3/9/96 NA NA NA 9/9/96 2570 41.2 3.3

3/13/96 NA NA NA 9/13/96 2730 44.8 3.4
3/I 7/96 NA NA NA 9/17/96 2610 36.7 3.3
3/22/96 5160 136 6.2 9/21/96 2320 33.4 3.0
3/26/96 4910 130 5.7 9/25/96 2740 31.8 3.2
3/30/96 .1070 108 4.7 9/29/96 3280 35.0 3.7
4/3/96 4610 121 5.7

Count 93 93 82
Min 1830 25.2 Z1

(:’- Max 5520 136 7.6

¯ .. Mean 3185 59.7 3.8
Geo Mean #NUM! 52.9 3.6

Median 2870 48.8 3.4
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Main (Flrebaugh) Drain at Russel Avenue (MER586S)
Location: Latitude: 36o55’27", Longitude 120°39’11". In SW 1/4, SW I/4, SW 1/4, See. 34, T.11S.,R.12E.

East side of Russel Avenue, 2.7 miles south of Dos Palos.
AUTOSAN~LER DATA : 4 day composite samples

EC Se B
Date }.tmhos/cm ~g/L ¯ mg/L .

10/3/96 4500 68.0 6.2

10/7/96 4290 71.4

10/8/96 4490 96.8
! 0/12/96 2750 36.3
10/I 6/96 3700 56.2
10/20/96 4530 76.2
I 0/24/96 3760 40.9

10/25/96 4050 40.8
10/29/96 4490 58.4
I 1/2/96 2690 28.8
I 1/6/96 4360 64.0
11/8/96 5210 80.5
11/12/96 4040 61.0
11/16/96 3170 51.8
11/19/96 2290 40.0
11/23/96 2550 45.4
I 1/27/96 3740 70.4
1~1/96 4740 108.0
I ~5/96 5210 I 18.0
1 ~9/96 3410 72.4
1 ~13/96 3670 73.0

(-~ I ~17/96 4800 103.0

~.,.~,, 1 ~20/96 5260 109.0
12124/96 5420 122.0
1 ~26/96 5550 I25.0

Count 25 25 I
Min 2290 28.8 6.2
bl:tx 5550 125.0 6.2

Mean 4107 72.7 6.2
Geo Mean 3996 67.2 6.2

Median 42q0 70.4 6.2
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Lo~at~on: La~t~ 36°55’14~. Lon~md~ 120°41’43". In S~ 1/4, SW 1/4, SW 1/4. S~¢. 32, T.115., ~.12~. Loire8 0.5
somh of CCID ~a~ Canal, 1.9 mfl~ west of R~ss~! Road..5.5 m~les SW of Dos Palos.

AUTOSAM~LER DATA: 4 DAY COM~DSITE SAMPLES

~ EC Se B EC Se B
Date [~mh os/cm ~p_.!L mg/L Date . .}a~hos/cm .....p.p./L ¯ nW_/L,.

10/2/95 5220 149 7.9 4/7/96 NA NA NA
10/6/95 NA NA NA 4/11/96 NA NA NA
10/10/95 4710 23.4 7.8 4/15/96 NA NA NA
10/14/95 5120 25.0 8.5 4/19t96 NA NA NA

¯10/18/95 5100 50.5 8.8 4/23/96 4910 112 7.5
10/22~ 5 5150 111 8.6 4/27/96 5000 110 7.8
10/26/95 5050 116 8.4 5/1/96 4700 94.6 6.8
10/30/95 4430 89.2 7.5 5/3/96 4910 112 7.3
11/3/95 3860 69.6 6.3 5/7/96 4780 95.0 6.9
11/7195 3950 64.6 7.0 5/11/96 4920 89.0 7.1
11/11/95 3970 74.7 6.6 5/15/96 4880 44.9 6.8
11/I 5/95 3720 55.6 5.9 5/16/96 4500 95.0 5.9
11/I 9/95 3480 53.0 5.8 5/20/96 4680 81.8 7.3
11/24/9 5 3840 70.6 6.3 5/24/96 4630 76.9 7.1
11/28/95 3950 74.2 6.0 5/28/96 4660 80.8 7.6
1 2/2/95 3910 81.2 6.8 5/30!96 4660 75.4 7.7
1 2/6!95 3380 68.1 5.5 6/3/96 4520 NA NA
1 ~8!95 3470 71.4 5.6 6/7/96 4830 NA NA

1 2/19,./95 4220 85.2 5.8 6/I 1/96 NA NA . NA
1 ~ 16/9 5 4190 91.2 5.7 6/I 3/96 NA NA NA
12/20/95 4530 105 6.4 6/17/96 4550 64.1 6.8
I ~22/95 4690 108 6.4 6/21/96 4750 72.4 7.5
1 ~26/95 5100 124 7.0 6/25/96 4390 61.8 7.0
1 ~30/95 5190 134 7.2 6/27/96 4640 74.6 7.1
I/3/96 4780 40.2 7.0 7/1/96 4540 68.1 7.8

~’<~ :., 1/4/96 4980 40.2 6.9 7/5/96 4420 68.3 NA
. ¯ 1/8/96 4970 37.6 7.1 7/9/96 NA NA NA

I/I ~96 5000 102 7.3 7/11/96 NA NA NA
I/I 6/96 5040 120 7.0 7/15/96 4870 76.0 8.3
1118(96 4670 106 6.5 7/19/96 " 4540 63.6 7.4
1/2~96 4180 95.6 6.1 7/23/96 4430 69.8 7.4
1126196 4140 88.6 6.4 7/25/96 4480 70.4 6.2
1/30/96 4010 82.8 6.3 7/29/96 4460 72.2 7.4
2/2/96 3050 53.2 4.4 8/2/96 4260 66.2 7.0
2/6/96 4380 54.8 5.3 8/6/96 4180 62.6 6.9
2/I 0/96 5440 90.8 6.8 8/8/96 4240 69.5 7.3
2/14/96 5580 96.4 7.0 8/1 ~96 4250 68.2 7.5
2/18/96 5410 83.1 7.0 8/I 6/96 4230 69.0 7.3
2f2~96 5360 79.1 6.9 8/20/96 4060 62.8 7.0
2~3/96 4960 75.8 7.2 8~3/96 3860 51.7 6.8
2127/96 4650 80.0 6.5 8/27/96 3970 47.6 6.8
3/1/96 4780 92.3 6.5 8/31/96 4350 77.2 7.3
3!5/96 4980 1 ! 4 7.3 9/4/96 4170 70.2 7.0
3/9/96 5150 109 7.3 9/5/96 4190 70.7 NA
3/13/96 4560 103 3.4 9/9/96 3830 61.1 6.3
3/17/96 4760 88.2 7.0 9/13/96 3690 60.0 6.1
3118/96 3810 86.2 NA 9/I 7/96 4490 78.4 7.5
3~2/96 4920 100 7.2 9121/96 4370 75.6 7.0
3/2,6/96 5250 91.1 8.7 9/25/96 4890 94.9 8.5
3/3.0/96 NA NA NA 9/29/96 5370 112 9.2
4/..,/96 NA NA NA

Count 90 88 85
Min 30’50 ~.4 3.4
Max 5580 149 9.2

" bIean 4530 79.9 7.0
’~ Geo Mean 4500 76.2 6.9

Median 4560 76.5 7.0
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Panoehe Drain at O’Banlon Gauge Station 0VIERS01)
Location: Latitude 36°55’14", Longitude 120°41’43". In SW I/4, SW I/4, SW I/4, Sec. 32, T.I IS., ILl 2E. Located 0.5 miles

south of ¢CID Main Canal, 1.9 miles west of Russd Road. 5.5 mil~s SW of Dos Palos.
AUTOSAMPLER DATA : Four day composite samples

EC Se B

Date ~tho~Icm ~tg/L ¯ mg/L

10/3/96 5320 I 12.0 9.0

10/7/96 4860 69.0

10!8/96 4710 66.2
10112/96 4940 84.2
10/16/96 4880 100.6
10/20/96 4980 70.6
I 0/24/96 4870 65.2
10125/96 4760 52.6

10/29,’96 5070 88.9
11/~96 4560 77.6
11/6/96 4960 83,1
1118196 5080 89,2

11/20/96 4800 100.0
11/24/96 4340 92.1
11/26/96 4420 65.5
11/30/96 4610 37.4
12/4196 4910 38.8

1 °-15/96 4750 35.0

l ~9196 4750 35.4
1~13/96 4390 35.5

1 ~24/96 4330 76.4
1 ~28/96 4840 79.0
1/1/97 4580 79.4
1/5/97 3830 45.8
1/9/97 4330 51.0

Ct~unt 29 29 1
M/n 3830 35.0 9.0
Max 5320 116.0 9.0

Mean 4757 72.8 9.0
Geo/~t¢an 4746 68.4 9.0

Median 4800 76.4 9,0
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Agatha Canal at Mallard Road (MERS06S)
Location: Latitude: 36°56’I 2", Longitude 120°42’07". In NE 1/4. NW 1/4, SW 1/4, Sec. 7, T.1 IS., ILl 1E..

South of Sante Fe Grade at Brito, west of Mallard Road. 4.5 railes west of Dos Palos.
AUTOSAMPLER DATA : 12 hour daily composite samples

EC Se B EC Se B

1/9/97 0.41 2/22/97 246
1/10/97 275 223/97 225 1.0
1/11/97 264 2/24/97 208
1/12/97 286 2/25/97 211
1/13/97 312 2/26/97 204-
1/I 4/97 257 2/27/97 205
1/15/97 258 2/28/97 ! 94
1/I 6/97 259 3/1/97 196
1/l 7/97 244 3/2/97 199
1/18/97 243 3:3/97 203 1.3
1/19/97 236 3/4/97 195
10-0/97 230 3/5/97 ! 95
10-1/97 227 35495 187
10-’22/97 244 3/7/97 161
1 O_3/97 262 3/8/97 156 0.7
10-4/97 260 3/9/97 154
1/25/97 285 3/10/97 148
10-6/97 308 3/11/97 149
10-7/97 342 - 3/12/97 145
2/5/97 809 6.8 1.0 3/I 3/97 157 0.7
2/6/97 235 3/14/97 148
217/97 119 3/15/97 148
2/8/97 116 3/I 6/97 138

.. 2/9/97 125 3/17/97 232
¯ ~10/97 182 3/18/97 244

2/I 1/97 235 3/I 9/97 235
211097 255 0.5 0.70 3/20/97 215
~13/97 246 3/21/97 178
2/I 4/97 229 3/22/97 173 0.8
2115/97 221 3/23/97 196
2/16/97 205 3/24/97 275
2/17/97 198 3/25/97 308 1.6
2118/97 202
2/19/97 168
2/20/97 158
2/2_1/97 323 1.5 0.37

Count 67 9 4
Min 11.6 0.5 0.37
Max 809 6.8 1.0
Mean 225 1.7 0.62

Geo Mean 214 1.2 0.57
Median 215 1.0 0.56
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C~mp 13 SIou~h at Gau~e Station (~RS05S)
Location: La~itud~ 36°56’21 ", Longitude 120°45~2". In SE I/4, SE I/4, SW I/4, S~c. 27, T.I 1S., R.I IE. 150 f~ noru~ of

CCID Main Ca.aM. 6.4 miles west of Russd Avenue. 9.2 miles SE of Los Banos. 6.7 miles SW of S. Dos Palos
AUTOSAMPLER DATA : 12 hour daily composite samples

EC Se B EC Se B

1/10/97 125 2/20/97 151
1/I 1/97 150 2/21/97 149
1/I 2/97 209 2/22/97 152
1/13/97 147 2/23/97 149
I/14/97 128 2/24/97 150
1/15/97 140 2/25/97 144
1/16/97 122 2/26/97 150
1/17/97 142 2/27/97 158 0.5
1/I 8/97 145 2/28/97 152
1/19/97 ! 44 3/1/97 142
1/20/97 148 3/2/97 143
1/21/97 161 3/3/97 148
1/2.2/97 176 3/4/97 146
l/23/97 226 3/5/97 151 <0.4
1/24/97 269 3/6/97 1690
1/25/97 375 3/7/97 1770
I/2_6/97 681 2.3 3/8/97 2030 4.2 3.1
1/27/97 1980 19.2 3/9/97 2350 4.6
I/28/97 2770 30.8 2/10/97 2150
1/29/97 2750 33.0 4.6 3/11/97 1960
1/30/97 2640 31.0 3/1 2/97 3990
1/3., 1/97 1700 18.6 3/13/97 4630 21.2 7.7
2/1/97 1210 ! 2.6 3/14/97 3340

(~:~~i
2F2/97 1230 15.3 3/15/97 2960

i.- 2/3/97 1120 16.0 1.5 3,16/97 1370
2/4/97 1120 14.1 2/17/97 1100
215/97 263 3/18/97 1650
216/97 388 3119/97 2140
2/7/97 497 0.6 0.67 3/20/97 2860 6.2
2/8/97 395 3/21/97 2670
2/9/97 335 3;22/97 2990 10.2 5.2
2/10/97 307 3/23/97 2750
2/11/97 407 3/24/97 ’~. ~60
2/I 2/97 513 0.5 0.34 3/25/97 3760 6.3 6.9
2/I 3/97 467
2/14/97 420
2/15/97 329
2/16/97 183
2/17/97 168
2/18197 163
2/19/97 158

Count 75 20 8
Min 122 <0.4 0.34
Max 4630 33.0 7.7
Mean 1030 12.4 3.8

Geo Mean 505 6.1 2.5
Median 375 11.4 3.9
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Mud Slough (north) st S~n Lut~ Dr~Ln (MEP,541S)
Locat{on: Latitude 37°19’50", Longitude 120~57"03". In NVq 1/4, NE 1/4. N’W 1/4, S~. 14, T.7S., R.9E.

5.0 miles east of Gustine, 3.5 miles SE of Highway 140. Located within Kesterson N. W. tL
AUTOSAMPLER DATA: 4 DAY COMPOSITE SAMPLES

EC Se B EC Se B
.Date gmhos/_cm .,. ,,,Fg/L .... :_ ~" ~ ,, Date gm~_..os/cm ....~.g~L_ ¯ mg/L.
10/4/95 987 0.9 0.61 4/3/96 3230 3.0 3.3
10/6/95 978 1.0 0.64 4/11/96 3540 1.7 3.8

10/10/95 1120 1.0 0.75 4/15/96 3320 18.4 3.9
10/14/95 985 0.9 0.69 4/19/96 3940 19.4 3.7
10/18/95 610 1.0 0.45 4/23/96 2870 . 0.9 2.0
l 0/2~J95 732 0.8 0.53 4/27/96 2130 1.0 1.5
10/26/95 791 0.7 0.58 5/1/96 1820 1.0 1.2
10/30/95 756 0.7 0.58 5/306 3070 0.9 2.6
11/3/95 837 1.0 0.66 5/706 3880 1.7 2.4
11/3/95 858 0.7 0.71 5/11/96 1840 4.2 1.2
11/I 1/95 889 0.7 0.70 5/15/96 1860 1.3 1.1
11/15/95 952 0.6 0.76 5/20/96 2300 1.4 1.6
I 1119/95 1010 0.6 0.73 5/24/96 1530 1.4 1.6
I 1/24/95 1100 0.5 0.81 5/28/96 1810 1.1 1.2
I 1/28/95 1190 0.5 0.90 5/30/96 1340 0.7 1.3
1 ~95 1210 0.5 0.92 6/3/96 1420 1.3 1.0
1 ~6/95 1150 0.7 0.84 6/7/96 2410 1.0 1.8
1 ~8/95 1200 0.6 0.85 6/11/96 1700 1.1 1.3
1 ~I 2/95 1290 1.1 0.90 6/13/96 1570 1.2 NA ¯
1~16/95 1190 0.7 0.83 6,16/96 NA NA NA
1~20/95 1230 0.6 0.89 6/17/96 NA NA NA
1 ~22/95 1260 0.8 0.85 6/21/96 NA NA NA
I ~26/95 1340 0.7 1.0 " 6,25/96 NA NA NA
12/30/95 1550 1.1 1.2 6/27/96 NA NA NA

1/3/96 1760 0.8 1.3 7/1/96 3030 1.3 2.1
1/4/96 1910 0.8 1.2 7/5/96 3600 1.5 2.4
]/8/96 1880 0.9 1.4 7/9/96 3530 1.9 2.3

l/l 2/96 2000 0.8 1.4 7,11/96 2330 2.4 NA
1116/96 1870 0.8 1.4 7/15/96 2350 1.3 1.8

3/26/96 2120 1.2 1.9 9/21/96 NA NA NA
3/30/96 Z330 1.2 2.2 9/23/96 NA NA NA
4/3/96 2380 1.3 2.1 9/27/96 3670 7.1 5.6

Count 83. 83 79
Min 610 0.5 0.45
Max 5150 19.4 5.6

Mean . 1880 1.7 1.4
Geo Mean 1680 1.I 1.2

Median 1660 1.0 1.2
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Mud Slough (north) at San L~$ Drain (MER542S)
Location: Latitude 37°19’50". Longitude 120"57"03" In NW 1/4, NE 1/4, NW 1/4, Sec.14, T.7S., tL9E

5 tulles east of Gustine, 3.5 miles SE of Highway 140. Located within Kesmrson IN. W. R.
AUTOSAMPLER DATA : Four day composite samples

EC Se B EC Se B
Date btmhos/cm ~tg/L ¯ ntg/L ...Date ~mhos/cm , p.w’L ¯ mg/L ..

1011196 3760 . 31.4 6.2 1/4/97 1570 9,9 2.0
10/3/96 3340 50.6 4.9 1/8/97 NA NA NA
10/7/96 2380 27.8 3.1 1/9/97 1200 4.6 NA
10/11/96 1950 17.6 2.5 1/I 3/97 1380 5.7 1.6
10/15/96 1960 15.8 2.6 1/17/97 1900 12.2 2.2
10/18/96 1830 14.0 2.5 1/21/97 1620 9.5 1.8
I 0/22/96 1480 7.4 1.8 1/25/97 1620 9.6 1.8
10/26/96 1460 7.7 1.7 1/29/97 1280 7.6 1.4
10/29/96 1720 8.4 Z I 2/2/97 1170 4.5 1.3
11/2/96 1860 I 1.4 2.2 2/4/97 1290 6.7 1.5
11/6/96 1740 10.0 2.0 2.18/97 1680 ’9.9 2.0
] !/10/96 1520 8.8 1.7 2/I 1/97 2240 17.5 2.7
1 I/14/96 1520 6.7 1.7 2/15/97 2780 27.8 3.3
11/18/96 1640 9.2 Z2 2/19/97 3150 31.5 4.2
1 ! 122116 1610 10.4 2. I 2/23117 3500 36.4 4.8
11/26/96 1460 9.3 1.8 2/27/97 3420 33.0 4.3
! 1/30/96 1480 7.3 1.5 2/28/97 3300 32.4 NA
1 2/4/96 1660 6.6 1.8 3/4/97 3620 25.6 3.4
! 2/8/96 1790 5.0 1.9 3/8/97 3750 44.2 5.1

1 ~10/96 1650 4.5 1.7 3/1 2/97 3660 43.4 5.1
1 ~14/96 1420 4.9 1.6 3/13/97 3500 44.4
1 2/18116 1360 5.5 1.5 3/17/97 3460 42.2
1 ~22/96 1510 7.2 1.7 3/21/97 3210 33.5
1 ~26/96 1490 7.2 1.7 3/25/97 3140 28.4

Count 48 48 42
Min 1170 4.5 1.3
Max 3760 50.6 6.2
Mean 2130 17. I 2.5

Geo Mean 1980 12.9 2.3
Median 1700 9.9 2.0
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Salt Slough at Lander Avenue (N~.R531S)
Lo cation: Latitude 37° 14’55 ", Longitude 120°51 ’04". In NW 1/4, SE 1/4, SE 1/4, S ec. 10, T.SS., R.10E.

13.0 rnfles north of Los Banos. 5.0 miles soulh of Highway 140.
AUTOSA,VLPLER DATA: 4 DAY COMPOSITE SAMPLES

EC Se . B EC Se B
z)ate ~m~o~Icm . ~g~L ,. : , mg/L ," .... .Z.~te ....~.m~o~cm , ~WL ¯ ,

] 0/4/95 1090 7.2 0.95 4/7/96 2230 16.6 1.9
l 0/6/95 886 ! .8 0.47 4!I 1/96 2280 16.0 1.8
10/10/95 1000 1.2 0.53 4/I 5/96 2060 16.0 1.7
10/14/95 1090 1.3 0.56 4/19/96 1950 17.0 1.7
10/18/95 938 2.1 0.56 4/23/96 2140 22.1 2,0
l 0/22/95 1300 9.2 1.2 4/27/96 2520 27.2 2.4
10/26/95 1540 14.8 1.6 5/I/96 2800 33.8 2,7
10/30/95 1500 ! 1.2 1.4 5/3/96 2890 31.2 2.8
11/3/95 1570 7.8 1.3 5/7/96 3170 37.8 3.0
11/7/95 1610 8.9 1.5 5/11/96 2320 25.2 2.2

11/11/95 1680 7.9 1.4 5/15/96 2100 19.9 1.9
11/15/95 1640 8.4 1.4 5/16/96 23 10 20.8 NA
11/19/95 1920 13.2 1.8 5/20/96 18 ! 0 15.0 1.6
11/24/95 1910 11.9 1.9 5/24/96 1870 14.2 1.9
l 1/28/95 1890 l 1.8 1.8 5/28/96 1820 16.8 1.9
I ~95 1790 12.2 1.7 6/1/96 2260 20.9 2.5
I ~6/95 1850 13.4 1.7 6/5/96 2260 22.2 2.5
1 ~8/95 1860 13.4 1.9 6/9/96 2510 25.1 3.0
1 ~I 2/95 2010 11.6 1.7 6/13/96 2270 19.6 2.7 "
1 ~16/95 1830 13.3 1.7 6/17/96 2310 18.5 2,5
1 720/95 1960 12.5 1.9 6/21/96 2190 18.3 2.2
1 ~22/95 2040 l 3.4 2.l 6/25/96 2250 19.3 2.2
12/26/95 2060 13.4 2.0 6/27196 2530 24.0 2.6
12/30/95 2410 16.0 2.2 7/1/96 2540 NA 2.9

’~.,~" ~,~.,- I/3/96 2500 16.2 2.4 7/5/96 2350 22.8 2.7
1/4/96 2400 5.7 2.0 7/9/96 2060 17.1 2.3
I/8/96 2620 6.1 2.2 7/I 1/96 2140 18.4
l/1 ~96 2850 10.4 1,7 7/15/96 2300 21.4 2.6

" 1/I 6/96 2900 24,2 2.8 7/I 9/96 2330 20.4 2.7
1/I 8/96 2780 28.2 2.8 7/23/96 2240 20.2 Z7
I/2~96 2510 29.8 2.8 7/25/96 2120 18.8 2.7
1 ~6/96 2270 20.6 2.6 7/29196 1860 16.4 2.2
1/30/96 2340 21.8 2.6 8/2/96 1740 15.8 2.1
2/2/96 1900 14.0 2.0 8/6/96 1730 15.4 2.0
216196 2000 12.9 1.9 8/8/96 1530 12.8 1.8
2/10/96 2l 10 15.7 2.1 " 8/I?7196 1600 13.4 1.8
2!! 4/96 2550 22.6 2.6 8/t 5/96 1470 12.1 1.6
2/16/96 2570 23.0 2.6 8/19/96 NA NA NA

~ 2/20/96 2420 22.4 2.6 8/23/96 NA NA NA
2/24/96 2290 18.6 2.0 8/27/96 NA NA NA
2/28/96 2020 17.6 1.9 8/28/96 NA NA NA
3/1/96 2070 15.8 2.0 9/1/96 1650 15.4 1.8
315/96 2260 17.9 2. I 9/5/96 1510 12,8 1.5
3/9/96 2250 16.9 2.1 9/9/96 1890 16.9 2.2
3/13/96 2430 19.0 2.2 9/12/96 1630 13.6 1.8
3117/96 2300 17.7 2.1 9116/96 1260 6.8 1.0
3/I 8/96 ] 960 15.9 NA 9120196 1630 14.0 1.6
3~96 2130 17.1 2.1 9/24196 1540 11.4 1.5
3/26/96 21 I0 17.4 2.5 9/26/96 1280 7.4 1.0
3/30/96 1940 11.8 1.9 9/30/96 1160 1.5 0.6
413/96 2020 17.8 2.1

Count 97 96 95
,,-~ Min 886 1.2 0.47

Max 3170 37.8 3.0
Mean 2020 16.0 2.0

Geo Mean 1970 13.9 1.9
Median 2060 16.0 2.0
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Salt Slough at Lander Avenue (State Highway 165) (MER531S)
Location: Lmitude 37014’55", Longitude 120°51’04". In NW 1/4, SE 1/4, SE 1/4, Sec. 10, T.SS., R.10E.

13.0 miles north of Los Banos. 5.0 miles south of Highway 140.
AUTOSAMPLER DATA : Four day composite samples

EC Se B EC Se B
Date ~mhos/cm ~tg/L . mg/L Date ~a~hos/cm ~g/L ¯ mg/L

10/4/96 1210 ¯ 1.5 0.64 1/4/97 1810 1.5 1.7
10/8/96 1260 1.1 0.66 I/8/97 1840 0.9 1.3
10/9/96 960 1.4 NA 1/9/97 1350 1.1

10/13/96 1020 1.2 0.52 I/13/97 1160 1.0 0.93
10/17/96 1350 0.9 0.68 I/17/97 1460 0.9 1.2
10/21/96 1460 0.8 0.71 1/21/97 1580 1.0 1.3
10/24/96 1190 0.8 0.59 1/24/97 1610 1.0 1.3
10/28/96 ! 510 1.5 0.85 1/28/97 1650 1.0 1.2
11/1/96 1150 0.8 0.65 2/1/97 2070 6.3 1.9
1115196 1090 0.9 0.74 2/5/97 1980 4.6 1.7
11/7/96 i 210 0.9 0.87 2/7/97 2060 5.9 1.9

1 I/I 1/96 1380 !.0 1.0 2/I 1/97 1723 1.4 1.4
11/I 5/96 1490 0.9 1.0 2/I 5/97 1660 0.8 1.2
11/19/96 1360 1.2 0.92 2/I 9/97 1650 0.6 1.0
I I/22/96 1280 1.3 0.92 2/21/97 1460 0.5 0.82
I 1/26/96 1540 1.1 1.0 2/25/97 I 160 0.6 0.57
I l/30/96 1350 1.0 1.0 3/I/97 1070 0.7 0.53
1 2/4/96 ! 400 1.0 1,0 3/5/97 1020 0.6 0.47
12/6/96 NA NA NA 3/9/97 1170 0.7 . 0.51

12/I 0/96 1500 I. I 1.I 3/I 3/97 1180 0.8 0.52
1 2/I 4/96 1460 I,l l.l 3/17/97 1230 1.2 0.72

! 2/19/96 1620 0.86 NA 3/25/97 1360 1.2

12/27/96 1810 0.8 1.2
12/31/96 1810 0.9 1.2

Count 48 48 43
Min 960 0.5 0.47
Max 2070 6.3 1.9
Mean 1440 1.3 1.0

Geo Mean 1410 1.1 0.93
Median 1430 1.0 1.0
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San Luls Drain @ Termirms (l~ER535S)
Location: Latitud¢ 3 7019’50 ", Longitude 120°57 "03". In NW 114, FIE 1/4, NW I/4, S ec. 14, T.7S., R.gE.

5.0 miles east of Gustine, 3.5 miles SE of Highway 140. Located within Kest~rson N. W.R.
AUTOSAMPLER DATA : 12 hour daily composim samples

EC Selenium Boron
Date , ~mhos/cm Eg/L .......... m~/L

9/13/96 ¯ 7410
9/14/96 7120
9/1 5/96 7340
9/16/96 8680
9/I 7/96 7160
9/1 8/96 7330
9/1 9/96 757O
9~0/96 7720
9/21/96 7730
9,’2~96 7780
9t23/96 9790
9/2.4/96 8510
g~5/96 9030
9/2-6/96 7850
9/27/96 4660 56.9
9/2-8/96 4570 71.6
9/29/96 5050 77.8
9/30/96 86.5

Count 17 4 0
Min 4570 56.9
Max 9790 86.5

Mean 7371 73.2
Geo Mean 7220 72.4

Median 7570 74.7
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San Luis Drain @ Terminus (MER535S)
Location: Latitude 37°19’50"~ Longitude ~20°57"03’’. In NW 1/4, NE 1/4, NW 1/4, Sec. 14, T.TS., P~gE.

5.0 ndles east of Gusthae, 3.5 miles SE of Highway I40. Located within Kesterson N. W. R.
AUTOSA.~fl~LER DATA : 12 hour da~ly composit~ samples

EC Se B EC Se B
Date ~tmhos/cm ~.g/L ¯ mg/L Date ~mhos/..c~ ......~g/L - mg/L

10/1/96 5360 90.3 8.6 11/24/96 3510 61.4 6.1
1012/96 4400 106 9.3 11/25/96 3200 51.8 5.5
10/3/96 4340 66.3 7.3 11/26/96 3180 52.4 4.9
10/4/96 4440 59.0 6.9 11/27/96 3750 63.9 6.2
10/5/96 4460 56.4 7.0 11/28/96 3670 68.2 6.0
10/6/96 4290 61.3 7.0 11/29/96 3520 57.3 5.6
!0/7/96 4610 59.8 6.7 11/30/96 3540 53.3 5.6
10/8/96 4710 63.0 7.1 12/1/96 3720 46.1 6.1
10/9/96 4710 64.8 NA 12/2/96 3960 50.2 6.5
I 0/10/96 5030 63.5 7.6 12:3/96 4040 46.2 6.5
10/I 1/96 5250 69.6 8.5 12/4/96 3850 31.6 6.4
10/12/96 4850 72.6 9.0 12/5/96 3890 29.5 NA
10/13/96 5460 52.6 8.2 12/6/96 4100 38.3 6.7
10114/96 NA NA NA 12/7/96 4170 39.3 6.5
I 0/I 5/96 NA NA NA 12/8/96 4080 38.2 6.2
l 0/I 6/96 NA NA NA 12/9/96 4110 34.8 6.4
I 0/I 7/96 NA NA NA 12/I0/96 4190 34.7 7. I
I 0/I 8/96 NA NA NA 12/I 1/96 4470 42.4 7.8
10/I 9/96 3380 41.8 5.5 12/12/96 4320 49.2 7.6
10/20/96 3470 41.4 5.8 1 2/I 3/96 3850 45.3 6.7
10/21/96 3530 40.8 5,9 12/I 4/96 3870 48.3 6.7
10/22/96 3520 43.7 5.8 12/I 5/96 4100 51.8 7.4
10/23/96 3900 49.8 6.7 1 2/I 6/96 3850 50.9 6.9

{
.... 10/2 ~/96 4260 78.4 7. I 12/17/96 3840 47.2 6.4

~,~,.,. I0/25/96 4360 78.S 7.3 12/18/96 4020 50.8 6.9
10/26/96 4260 59.8 7.2 12/I 9/96 4140 5 I. I 7.3
10/27/96 3940 40.3 6.7 12/20/96 4190 54,8 7.4
I 0/28/96 4420 56.8 7.7 I72/216)6 4400 56.1 7.9
10/29/96 4420 52.3 NA 12/22/96 4470 51.9 7.9
10/30/96 4240 60.3 6.8 12123/96 4530 63.4 8. I
10i31:96 4200 51.9 6.1 12/24/96 4860 71.0 8.3
11;1/96 4080 43.6 NA 12/25/96 4870 71.3 8.4
11/~96 4 ! 20 43.9 6.7 12/26/96 4580 67.3 6.6
11/3196 4270 53.4 6.4 1 2/27/96 4040 62.9 6.2
11/4/96 4290 63.2 6.7 1 2/28/96 4290 65.7 6.6
11/5/96 4300 57.5 6.6 12/29/96 5220 63.0 7.7
I 116/96 4270 80.3 6.8 1 2/30/96 4820 67.9 7.6
1 I/7/96 3790 59.2 5.9 1 ~31/96 4930 74.6 7.5
11/8!96 35 t 0 45.0 5.4 1/1/97 5080 80.8 7.9
1 I/9/96 3500 43.6 5.5 112/97 4870 73.6 , 7.0
I I / 10/96 3410 36.6 5.5 l/3/97 4740 76.6 6.8
I 1/11/96 3560 38.3 5.9 1/4/97 4100 65.0 5.8
11112~.)6 3970 50.9 6.9 1/5/97 4280 61.8 6.8
11/13/96 4130 56.6 7.5 I/6/97 4100 53.9 6.3
11/14/96 4330 61.5 8.0 1/7/97 3040 36.6 4.3
l 1/15/96 4190 59.4 7.9 1/8/97 3510 35.8 5.3
11/I 6N6 4220 55.5 8.1 I/9/97 4080 44.1 6.3
11/I 7/96 4380 63.8 8.5 1/10/97 4250 47.2* 6.6*
I l/l 8/96 4410 73.6 8.7 1/11/97 4550 60.0* 7.5*
I I/I 9/96 :.I40~) 75.2 8.5 1/I 2/97 4650 64.0* 7.3*
I 1/20/~6 4170 69.6 8.0 1/13/97 , NA NA NA
1 I/21/96 4050 68.2 7.7 l/14197 4700 63.6* 7.8*

( .... 11/22/96 4000 73.4 7.5 1115197 4710 66.3* 7.8*
\ , 11/23/96 3900 69.8 6.9 1/I 6/97 4830 66.8* 8.2*
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San Luts Drain @ Terminus (M.ER535S) continued
EC           Se           B                                         EC           Se            B

1/17/97 4740 76.4* 7.3" 3/16/97 4860 87.6 7.0
1/18~7 4730 70.3* 7.7* 3/17/97 4980 89.9 7.0
l/19/97 4110 55.7* 5.6* 3/18/97 4780 86.8 6.6
1/2-0/97 4360 55.2" 6.9* 3/I 9/97 4580 81.4 6.2
1/2-!/97 4510 55.6" NA 3/20/97 4300 75.6 5.8
1/’2~97 4650 62.8 7.7 3121/97 4550 82.1 6.6
I P.3/97 4540 66.2 7.5 3/22/97 4560 74.5 6.7
1:24/97 4620 73.0 7.4 3/23/97 4630 69.8 6.3
1/’2-5/97 4170 59.7 6.5 3/24/97 4710 72.7 6.3
lP-6/97 4010 56.4 6.1 3125/97 4890 79.0 6.8
1/2_7/97 4270 59.6 6.3 3126/97 4840 78.2 6.7
]/2. 8/97 4300 65. I 6.6 3127/97 4710 82.0 6.8
]/°-9/97 4360 57.0 6.8 3128197 4490 69.4 6.5
]/30/97 3570 40.6 5.5 3/29/97 4580 78.0 6.6
1/31/97 3450 34.2 5.4 3/30/97 4610 82.4 6.5
211/97 4160 45.8 6.5 3/31/97 4710 89.0 6.5
2/2/97 4430 47.4 7.0 4/1/97 4700 85.0 7.0
2/3/97 4550 58.2 7.1 4/2/97 5020 90.6 7.4
2/4/97 4550 65.8 ?.2 4/3/97 5060 92.6 7.3
215/97 4570 62.3 7.3 4/4/97 5510 104 7.9
2/6/97 4810 65.9 7.9 4/5/97 5410 108 7.5
2/7/97 5020 72.8 8.1 4/6/97 5420 112 7.5
2/g/97 5260 91.2 7.9 4/7/97 5440 110 ¯ 7.3
2/9/97 5230 90.5 7.7 4/8/97 5490 110 7.4
2/I 0/97 5080 86.2 8.1 4/9/97 5430 106 7.1
2/11/97 4940 79.1 7.9 4110/97 5420 106 7.1
2/I 2/97 5270 87.8 8.1 4/I 1/97 5720 116 7.5
2/13/97 5340 81.8 8.4 4/12/97 5760 113 7.6

(~ 2/14/97 5360 89.5 8.4 4/13/97 5750 114 7.8
"" 2/I 5/97 5230 86.0 8.1 4/14/97 5480 108 7.5

2/16/97 5200 86.0 7.9 4/I 5/97 5630 I l 0 7.6
2/17/97 5210 85.3 8.1 4/16/97 NA 116 7.5
2/I 8/97 5220 80.9 8.2 4/17/97 5880 115 7.5
2/19/97 5300 81.0 8.4 4/18/97 5530 116 7.5
2/2-0/97 5270 83.7 8.4 4/19/97 5350 108 7.3
2/21/97 5280 84.4 8. I 4/20197 5350 106 7.3
2/2~97 5160 78.3 8.0 4/21/97 5480 113 . 7.4
2/23/’-)7 5040 78.4 7.7 412~97 5510 110 7.5
2/24/97 5050 84,0 7.7 4123/97 5220 103 6.9
2/25/97 4970 7 I. 1 7.4 4/24/97 5010 96.6 6.8
2/26/97 5050 74.8 7.4 4125/97 5090 97.6 7.1
2/27/97 4700 70.0 6.9 4126/97 5120 98.6 7.1
2/’28/97 4890 77.4 7.2 4127197 5260 104 7.3
3/I/97 5080 75.4 7.7 4128/97 5390 108 7.4
3/2/97 5090 82.4 8.0 4~9/97 5020 91.0 7.1
3/3/97 5270 1 O1 7.9 4/30197 5090 96.6 7.0
3/4/97 5200 97.9 7.9 5/I/97 4950 88.8 7.2
3/5/97 5140 87.8 7.9 512/97 5170 88.4 7.1
3/6/97 5030 86.4 7.8 5/3/97 5370 91.1 8.2
3/7/97 5090 89.8 7.8 5/4/97 5520 96.6 8.5
3/8/97 4960 88,4 7.5 5/5/97 5550 92.6 8.1
3/9/97 5030 87.2 7.7 5/6/97 5530 102 9.0
3/1 0/97 5030 96.9 7.5 5/7/97 5510 84.0 8.2

3/11/97 4910 95.5 7.3 5/8/97 5490 85.7 7.8
3/1 ~97 4800 86.3 7.0 5/9/97 5300 76.3 7.8
3/13/97 4650 86.2 6.4 5/10/97 5050 79.1 7.1
3/1 .I/~7 4610 82.2 6.5 5/11/97 4690 77.4 7.1

" 3/15/97 -1600 87.4 6.4 5/I ~97 4760 77.9 %3
5/I 3/97 4860 82.7 7.7
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San Luls Drain @ Terminus (M~R535S) continued
EC          Se           B                                      EC          Se           B

Date p.mhoslcm ~/L ¯ mp_/L Date ,tm~h. ,oslcm ~t~_/L ¯ mg/L
5/14/97 4660 77.5 7.5 7/12/97 4120 39.0 7.8
5/15/97 4570 72.4 7.2 7/I 3/97 3950 41.0 7.5
5/16/97 4450 60.7 7.0 7/14/97 4050 46.9 7.2
5/17/97 4550 65.8 7.0 7/15/97 4240 44.1 8.0
5/18/97 4750 67.8 7.5 7/16/97 4260 43.8 8.0
5/19/97 4690 68.4 7.3 7/17/97 4200 41.0 7.8
5/2-0/97 4440 67.6 7.2 7/18/97 4300 44. I 8. I
5/21/97 4420 71.4 6.9 7/19/97 4190 47.1 7.8
5/22/97 4030 63.8 6.1 7/20/97 4110 57.4 7.6
5/23/97 4230 64.4 6.8 7/21/97 4030 49.0 7.4
5/24/97 4270 65.0 6.9 7/22/97 4150 52.8 7.3
5/25/97 4720 72.0 8.1 7/23/97 4090 47.0 7.5
5/2,6/97 4580 63.9 7.8 7/24/97 4190 46.2 7.8
5/2-7/97 4570 66.6 7.7 7/25/97 4220 43.6 8.1
5/-8/9, 4560 68.2 7.7 7/26/97 4180 44.0 7.8
5~-9/97 4460 66.5 7.7 7/27/97 3900 37.9 7.2
5/30/97 4400 70.0 6.5 7/28/97 3950 44.0 7.3
5/31/97 4520 72.0 6.9 7/29/97 4050 44.3 7.3
6/I/97 4580 80.4 6.9 7/30/97 4000 40.0 7.3
6P-/97 4770 78.8 7.4 7/31/97 3850 40.2 7.0
6/3/97 4730 75.8 7.4 8/I/97 3760 42.6 6.9
6/4/97 4820 77.2 7.6 8/2/97 3620 39.2 6.5
6/5/97 4800 75.7 7.8 8/3/97 3570 36.6 6.5
616/97 4680 56.7 7.6 8/4/97 3540 32.9 6.4
6/7/97 4660 55.8 7.6 8/5/97 3460 34.7 6. I
618/97 4680 56.5 7.3 8/6/97 3810 41.2 6.4
6/9/97 4780 5 ] .3 8.1 8/7/97 3610 34.0 6.3

61! 0197 4680 45.4 8.0 818/97 4250 51.0 7.7
6/I 1/97 4770 56.8 8.0 8/9/97 4090 46.1 7.3
6/I 2/N7 4590 58.4 7.9 8/I 0/97 3880 46.9 6.8
6/I 3/97 5040 78.6 9.0 8/I 1/97 3830 48.4 6.7
6/14/97 4910 64.4 8.8 8/12/97 3870 46.0 6.8
6/I 5/97 4850 67.8 8.7 8/13/97 3680 37.8 6.5
6/16/97 4840 69.0 8.7 8/14/97 3730 38.4 6.4
6/17/9"; 4820 73.0 8.6 8/15197 3710 41.6 6.2
6/18/97 4300 61.2 7.4 8/16/97 3430 35.6 5.8
6/19/97 4440 65.4 7.6 8/I 7/97 3240 32.0 5.3
6/20/97 4540 66.7 7.9 8/18/97 3430 40.3 5.6
6121 #-)7 4380 57.2 7.6 8/19/97 3590 47.4 5.6
6/2~97 4580 74.7 7.4 8/20/97 3330 37.8 5.6
6/23/97 4410 67.7 7.4 8/21/97 3470 39.7 5.5
6t24/97 4450 66.2 7.3 8/22/97 3820 39.5 6.2
6/25/97 4260 55.8 7.2 8/23/97 3550 32.7 6.1
6/26/9" 4680 68. I 8.3 8124197 3450 40.5 6.0 ,
6/27/9" 4650 59.1 8.1 8/2,5/97 3270 31.0 5.7
6/28/97 4570 56.8 8. I 8/26/97 3540 35.7 6.1
6~9/t) 7 4530 54.2 8.1 8/27/97 3790 45.2 6.2
6/..,0/97 4470 53.0 7.9 8/28/97 4020 51.6 6.3
7/I/97 4480 66.8 8.3 8/29/97 4140 50.8 6.6
71~’t) 7 4540 62.8 7.9 8/30/97 3880 38.3 6.4
.7/3/97 -1400 57.4 7.6 8/31/97 3870 43.2 6.4
7/4/97 4430 54.8 7.8 9/I/97 4230 55.8 6,3
715/97 4670 61.4 8.5 9/2/97 4180 52.0 6.4
7/6/~7 ,4510 49.9 8.4 9/3/97 3920 43.0 5.8
7/7/97 -1350 51.1 7.9 9/4/97 3440 29.3 5.4
7/,S/97 -1090 42.9 7.4 9/5/97 3290 26.6 5.2
7,9N 7 4410 61.2 7.7 9/6/97 3680 36.0 6.0
7/1 (I/97 406(! 43.4 7.5 9/7/97 3480 27.7 5.6
7/11/’-)7 4330 45.8 8,1 9/8/97 3760 24.3 6.1
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San Luls Drain @ ~ferminus (1~£ER535S) continued
EC           Se           B

~ , , Date }mlhos/cm ~g/L ¯ mg/L
!"- 9/9/97 3410 22.1 5.8

9/10/97 3 I00 20.6 5.2
9/11/97 3150 25.4 5.1
9/12/97 2960 20.1 4.6
9113/97 3260 27.4 5.0
9/14/97 3240 28.2 5.0
9/15197 2740 18.4 4.2
9/16197 2630 16.5 4.1
9/I 7/97 2620 15.2 4.1
9/I 8/97 2950 16.6 4.5
9/19/97 2980 18.4 4.6
9/20/97 2940 18.0 4.6
9/2-1197 2890 19.0 4.6
9F2~97 3070 20.9 4.7
9/’23/97 3.320 21.6 5.2
9/24/97 3440 19.9 5.4
9/25/97 3520 20.0 5.4
9/26!97 3590 20.1 5.9
9/27/97 3700 20.9 6.1
9~8/97 3530 20.7 5.7
9/2-9/97 3470 22.0 5.6
9.,’30/97 3900 32.2 5.9

Count 358 348 344
Min 2620 15.2 4.1
Max 5880 116 9.3
Mean 4390 62.4 7.0
Geo Mean 4340 57.7 6.9

¯/’ Median 4420 61.5 7.2

¯ Data under review
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~.IR. BRY~ON: All right.

.~iR. HILDEBRAND: Now, M~. Chairman and members of the

Board, my name is Alex Hildebrand. I am a farmer, and as Mr.

Wilson says, a secretary and member of the board of the South

Delta Water .Agency.

At this hearing, the Board is attempti.ng to perform both

a water quality cont~l function ahd a water right function.

In the draft of the plan, it is stated that the, Board proposes

to develop under its full authority .". . .... a single compre-

hensive se~ of water quality objectives to protect beneficial

uses of Delta water supplies." In the opinion of the Board of

Directors of South Delta ~qater Agency, the draft of the ~gater

Quality Control Plan fails to provide the Southern Delta the

protection to which it is "entitled if considered as a "water

quality control plan," and fails to give recognition to water

rights in the Southern Delta if considered as a "water

rights decision."

First, consider the record made in this proceeding by

the South Delta Water Agency. It may be summarized as foilows

i. The water .quality of the san Joaquin River inflow

to the South4rn Delta wis generally better during the

pre-project period than during the post-project period,

i.e., an average at Mossdale of about 299 TDS during

the pre-project decade as compared to an aver.age of

about 521 duri’ng the post-project decade.

The Bureau subsequently raised some questions regarding

our choice "of years for the decade, but if we take a different

choice which would meet their objections, the numbers are
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hardly changed.

During the period 1930 t~ 1976., the water quality in the

~[~! 5 two pre-project lowest flow years, 1931-1934, was better

~o~:~[i4 than in any of the thirteen post-project !owest flow

:̄~ 5 years

":~!i~i.~i6 2. T~e San Joaquin River flows into the Southern Delta

:’]!!~i:i~’7 during the pre-project period ~.}ere on t~e aver.age greater

:~’.~ 8̄ than duri.ng the post-project period, i’.e., an aver.age of

9 about 6200 cubic feet per second during the pre-project

~0 decade as compared with an aver.age of about 3100 cubic

~I feet per second during the ’post-project decade. During

~’: 12 the period¯ 1930 to 1976, 13 of the 15 lowest flow years

15 ;.;ere post-project, after 1944.

..~ ~ 14 3. In years of low San Joaquin River inflow to the

!5 Southern Delta during the pre-project period, the

16 quality was relatively~ good, but in years of low inflow

17 during the post-project period, the quality has been

!8 very poor. During the period 1930 to 1976, the -water

19 quality of the San Joaquin River comi.ng into the Sc

20 Delta in 24 of the 32 post-project years was poorer

21 than in any of the pre-project years. Low¯ flow~ are far

22 less damaging when they are of good quality, thereby

- 25 permitti.ng more reuse of Southern Delta return flows.

24 Delta lands add very little salt. They merely c

25 the salt dumped on us from upstream.

26 4. To sustain the agriculturil economy in the Southern

(~~ 27 Delta, which was fully developed during the pre-project

2~ period, th~ quality of the¯ in-channel water supply must
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.~,’. 1 in norma’l years be not less than 450 parts per million

i{~. ~ TDS on a .30-day aver~age and 40~ parts per million TDS

[~,~i. 5 on an annual average.

~91 4 These conclusions .were based on testimony which I gave

’~:],:-.’.~~ and wh±ch were in tu}n based upon the testimony presented by th~

:,.~:: 6 UC Extension Service and the U. S. Salinity Laboratory.

:~%,~.7 5    The operations of the Federal Central Valley Project

-¢~,:~<0,~,,.8 have caused a 9eduction of the" San Joaquin River inflow

~;{{"~9 to the Southern Delta

..~.:.~ Our data indicates that the reduction attributable to

.[-~,i..°II the Central Valley Project is approximately 1.25 million acre-

<~..l~ feet per year.

’̄<~15 6    The "operations of the Federal Central Valley Project

.~!.,14 have caused a deterioration in the quality of the inflow of

.....,~. ~i~.15 the San Joaquin River to the Southern Delta.

I~ There are many proofs of this -including internal Bureau

]7 documents which acknowledge that d.egradation.

18 7. The operations of the Federal Central Valley Proj-

19 e c t , referring particularly to the Delta-~endota

20 Cana!, annually import, great quantities of salt into

21 the San’Joaquin River basin which eventually is bro.ught

22 into the Southern Delta in the San Joaquin River inflow.

25 8. The operation of. the Federal Central Valley Project

24 and State Water Project pumps near Tracy have had a

25 detrimental effect upon the water supply in the Southern

2~ Delta in that such operations have reduced channel

27 depths thereby reduci.ng channe! flow capacity, reduced

tidal flushing, and increased the salinity of the in-
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’ii~°. 2 The conclusions to be drawn from the evidence presented

!~" 3 by South Delta Water Agency are thet:

’~’ 4 I. The Southern Delta had a be[ter in-channe! water

;~-.:,_...,5 supply durinc~o the pre-project period than during the
....../-~.
r~., 6              post-project period.

2. To sustain maximum yields and crop diversity, the
..:.,..’%’.

~:~- 8 Southern Delta must have ~a dependable in-channel water.

:::~ supply greater in flows and better ih quality than has

::i~i))~ i0 occurred during the post-project period.

..~):} II 3. Th4 combined effects of the State and Federal proj-

i-",: 12 ects have had a detrimental effect on the in-channel

.i!~,!15 water supply in the Southern Delta.

~: 14 Further studies by South Delta Water Agency since the

~i:~i"’_.,15 hearing substantiate and augment the testimony presented,

". I~ particularly regarding the Central Valley Project’s responsi-

17 bility for the degradation of the San Joaquin River inflow to

!8 the Southern Delta.

I~ Against this record made by the South Delta Water Agency

2O at this hearing, it may be se~n that the draft of the ~qater

21 Quality Control Plan falls short of providing the Southern

22 Delta the protection to ~.:hich it is entitled and which it

25 must have.

24              First, considering the draft as a set of water quality

25 objectives.

26 ~,~ater Code Section 13050(h) states that "Water quality

~ 27 objectives" means the levels of water quality constituents
k~ 28 which are establ-ished for the reasonable protection of benefic:
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] uses of water.

~-~ ~ 2 The water quality objectives in the draft, i. e., 500

5 parts per mi!lion TDS at Vernalis after New Melones "is opera-

.;~- 4 tional and 0.7 EC for the period April i to August 31, and

5 i.0 EC for the period September 1 to .March 31, after the

6 completion of suitable circulation and water supply facilities,

~{~:~7 at page Vl-31, by no means meet the definition in Section

.~{~.B 13050(h) of the Water Code. It .is "to be noted that no flow

:.:~."L9 objectives are included.

i0 This means there will be no Water Quality Control .Plan

i~[!~. ii for the Southern Delta for an indefinite period, and at some

:~’:~ 12 future time a water quality objective that is neither the

> 15 equivalent of the historica! water supply nor adequate to

::~. 14 protect and sustain the agricultural economy in the area.

The effect of the adoption of such an objective at this

16 time ~.r~’ould be to make the negotiations of the South Delta

17 Water Agency with the Department of Water Resources and the

iS Bureau more difficult by the use of valhes which are not

19 adequate, are not supported by the record in this proceeding,

20 and are not supported by reference to the historical water

21 supply.

22 It should also be noted that there is no justification

25 for the arbitrary periods used for quality objectives after

24 the .complation of undefined circulation and water supply facili

25 ties. Some irrigation takes place in all months of at least

26 some years, and the irrigation season normally runs from the

27 first of March through OctoBer.
(" 2~ Irrigation .diversions are roughly one-half as great in
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1 ~.~arch and October as in the peak month of J~y.~. ~ Salt sensitive

~ crops such as beans are often irrigated in September. A water

5 quality of not to exceed 450 parts per million TDS in the

4 Southern Delta channels is needed through~ut the entire irri-

5 gation season.

6 Second, considering the draft as a "water rights decision

7 it seems apparent that the water rights of the lands and water

8 users in the Southern Deita have been almost entirely ignored.

9 The authorities relating to the Delt~’s water rights

i0 %.~ere reviewed in the brief filed on behalf of South Delta Wate~

ii Agency in this proceeding. The net effect of these authori-

12 ties found in the State Constitution, the statutes of the

15 State and the decisions of the courts, is to vest inthe Delta

14 a priority, commonly referred to as the "De!ta’s priority."

15 Not only must the Delta’s priority be recognized in this

16 hearing, "’-~ it _~     must be fully satisfied before export of water

17 from the Delta to oth4r areas is permitted. This applies to

18 the entire De[ta. The proposed Water Quality Plan does

19 neither -- it fails to give recggnition to any water rig~s in

20 the Southern Delta and provides no assurance that the Southern

21 Delta will have an adequate"and suitable water supply.

22 Turning to a few more specific comments regarding the

25 Draft of the Water Quality Control Plan:

24 a) in Chapter I, page 7, it is said that the rights of

25 riparian lands and a~propriators extend tO water quality and

.26 ~uantity ~.;nich ~.~ould have been~avaiiable in the absence of the

27 projects. The proposed draft neither" acknowledges nor protect~

¯ ..28 these rights in ~he Southern Delta
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EFFECTS OF THE FEDERAL CVP UPON THE QUALITY AND
VOLUME OF THE INFLOW OF THE SAN JOAQUIN RIVER TO
TH~ SACRAMeNTO-SAN JOAQUIN DELTA AND UPON THE
IN-CHANNEL WATER SUPPLY IN THE SOUTHERN DELTA

CHAPTER I

INTRODUCTION AND DEFINITIONS

Over the last several years in the course of the discussions between

representatives of the South Delta Water Agency (SDWA) and representatives of

the United States Water and Power Resources Service (Service), formerly the

United States Bureau of Reclamation (USBR), the parties have found that the

available technical da~a relative to the impact of the Federal Central Valley

~roject (CVP) upon the San Joaquin River inflow to the Sacramento-San Joaquin

Delta (Delta) and the effect of the operation of the Federal CVP and California

State water Project (SWP) export pumps near Tracy on the in-channel water

supply in the southern Delta was limited and had never been thoroughly studied

and evaluated.

At a meeting held in Washington, D.C., on July 17, 1978, attended by

representatives of ~he Department of the Interior, a technical analysis and

evaluation of the effect was authorized and undertaken. The State Department

of Water Resources of the State of California (DWR) was invited to participate

and did so to a limited extent. Since July, 1978, the technical staffs of the

SDWA and the Service have engaged in a detailed study of subject matter, and

committees representing the participating parties, from time to time, met for

the purpose of reviewing progress of the technical advisors and generally

directing the areas in which technical research should be conducted.

The purpose of this document is to set forth a report by the SDWA and the

Service of the factual technical findings and the conclusions to this date

resulting fr~n such research and studies.
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For purposes of this report, where substantial areas of disagreement exist

between the SDWA and the Service on the interpretation of data, the differences

will be noted and the differing views of the parties set forth.

In order to .facilitate brevity and to assist in the ~nderstanding of this

report, the following definitions are £ntended ~nless the context or express

provision requires otherwise.

I. "South Delta Water Agency" (SDWA) is an agency oreated by the South

Delta Water Agency Act (Cal. Stats. 1973, c. 1089, p. 2207) for the purposes

therein described.

2. The "United States Water and Power Reso%~rces Service" (Service) is the

agency responsible for the operation of the Federal Central Valley Project

(CV~). Prior to November 6, 1979, this agency was known as the United States

Bureau of Reclamation (USBR)..

3. "Southern Delta" is defined as the area within the boundaries of the

SDWA as defined in Cal. Stats. 1973, ¢. 1089, p. 2214, sec. 9.1 (California

Water Code Appendix Chapter 116).

4. "Central Valley Project" (C~P) is defined as the Federal Central

Valley Pruject in California.

5. "State Water Project" (SWP) is the State Water Resources Development

System as defined in Section 12931 of the California State Water Code,

6, The "Delta Mendota Canal" (DMC) is a conveyance facility of the CVP by

means of which water is exported from the Delta near Tracy and delivered on the

west side of the San Joaquin Valley and to the Mendota pool in the San Joaquin

River.

7. The "State Aqueduct" is a conveyance facility of the SWP by means of

which water from the Delta is exported through Clifton Court Forebay near

Tracy to the San Joaquin Valley and Southern California.

2
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8. "Export Pumps" are defined as the C%-P and SWP pumps located at the

diversion point of the DMC and the State Aqueduct. They are operated as part

of the CVP and the SWP for the purpose of diverting and exporting from the

Delta via the. canals.

9. "Delta" or the "Sacramento-San Joaquin Delta" is defined as

all of the lands within the boundaries of the Sacramento-San Joaquin

Delta as described in Section 12220 of the Water Code of the State of California

on January I, 1974.

10. "New Melones Project" is the Federal project on the Stanislaus

River authorized by Public Law 78-534, dated Decem~ber 22, 1944, as modified by

Public Law 87-874, dated October 23, 1962.

11. "Vernalis" is defined as the San Joaquin River gaging station just

below the m~uth of the Stani-41aus River at the Durham Ferry Bridge.

12. "Pre-1944" is defined as the years 1930 to 1943, inclusive, unless

otherwise indicated.

13. "Post-1947" is defined as the years 1948 to 1969, inclusive.

14, "Total Dissolved Solids" CTDS) is defined as the concentration in

milligr~, s per liter of a filtered water sample of all inorganic or organic

constitutents in solution determined in accordance with procedures set forth in

the publication entitled "Standard Methods for the Examination of Water and

Waste Water" published jointly by the American Public Health Associat~ion, the

American Water Works Association and the Water Pollution Control Federation,

13th Edition, 1971.

15. "Cubic Foot Per Second" (ft3/s) or (CFS) is the flow of I cubic foot

of water per second past a given point.

16. "p/re" or "ppm" is defined as parts per million, and is used synonomously

with mg/L is this report.
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17. "mg/L" is defined as milligrams per liter.

18. "KAF" is 1,000 acre-feet.

19. "Mendota Pool" is a small storage reservoir impounded by a diversion dam

on the San Joaquin River about 30 miles west of Fresno into which ~he Delta-

Mendota Canal discharges water conveyed fr~n the Tracy Pumping Plant.

20. "Unimpaired Rim Flow" is defined as ~he sum of gaged flows, adjusted for

upstream storage, at four stations on ~he major ~ributaries as follows:

SAN JOAQUIN RIVER AT FRIANT DAM
M~RCED RIVER AT EXCHEQUER DAM
TUOLEP~TE RIVER AT DON PEDRO DAM
STANISLAUS RIVER AT NEW MELONES DAM

The sum of these gaged flows is also used in this repor~ as the Vernalis

unimpaired flow.

21. The "Lower San Joaquin River" is defined as ~hat portion .of the San

Joaquin River downstream of the mouth of the Merced River.                                 ~,~...~..~

22. The "Upper San Joaquin River" is defined as that portion of ~he San

Joaquin River and basin upstream of ~he mouth of the Merced River.
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CHAPTER II

PURPOSES OF INVESTIGATIONS

The purpose of ~he investigation was to analyze and prepare a written

report upon the following:

(a) The effect of the operation of the CVP upon the San Joaquin River

inflow (quality and volume ) to the Delta;

(b) The effect of the operation of the CVP export pumps near Tracy upon

the in-channel water supply in the Southern Delta.

While all water supply development in the San Joaquin River basin has

the effect of reducing the annual flow of the San Joaquin River at Vernalis,

this report is directly concerned only with the effects of the CVP on the

in-channel water supply in the southern Delta. The available data has been

reviewed and analyzed to determine what, if any, changes have occurred affect-

ing the southern Delta in-channel water supply since the CVP began operation in

1947. The two agencies preparing the report have not agreed on the legal

obligation of the Federal Government to the southern Delta. in addition, there

are several other issues on which agreement has not been reached and further

discussion and study will be needed. Therefore, the report does not include

consideration of the following:

I. Water rights, priorities, or legal status of any party related to

the in-channel water supply in the southern Delta, including water

users in the southern Delta.

2. Economic consequences of any impacts discussed on southern Delta

~agriculture and other uses.

5
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3. Al~ernative solutions to improve the in-channel water supply in the

southern Delta.

4. The impact on the Southern Delta in-channel water supply of ~he opera-

~ion of ~he CVP New Melones Reservoir.

The impacts of developments other ~han ~he CVP affecting the in-channel

water supply in the southern Delta have been attributed to specific other

developments when such impacts are clearly identifiable. The impact of the

operation of the SWP export pumps has been specifically included. The impacts

other than CVP have been determined incidentally to the principal purposes of

this report.

While development other than the CVP has occurred in the upper San

Joaquin River basin (as defined in Chapter I) since 1947, it was assumed in the

investigation that the impact of other development is negligible. Consequently,

for this report, the effects on San Joaquin River inflow to the Delta (both

quantity and quality) of all development in the upper San Joaqin River basin

since 1947 are considered as effects due to the CVP.
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CHAPTER Ill

DESCRIPTION OF TH~ SAN JOAQU!N RIVER SYSTEM
INCLUDING THE FEDERAL CENTRAL VALLEY PROJECT

THE SOUTHERN DELTA, AND DATA SOURCES

A. PRINCIPAL FEATURES

I ¯ General

The San Joaquin River basin lies between the crests of the Sierra Nevada

Mountains and the Coast Ranges, and extends north from the northern boundary of

the Tulare Lake Basin near Fresno to the Sacramento-San Joaquin Delta (see

Figure Ill-1 ). It is drained by the San Joaquin River and its tributary

system. The basin has an area of about 14,000 square miles extending about 100

miles from the crest of Sierra Nevada Range to the crest of the Coast Ranges

and about 120 miles from the~ northern to the southern boundry. The Sierra

Mountains have an average crest elevation 10,000 feet withNevada of about

occasional peaks higher than 14,000 feet. The Coast Ranges crest elevations

reach up to about 5,000 feet. The San Joaquin valley area measures about 100

miles by 50 miles and slopes gently from both sides towards a shallow trough

somewhat west of the center of the valley. Valley floor elevations range from

about 250 feet at the south to near sea level at the north. The trough forms

the channel for the Lower San Joaquin River and has an average slope of about

0.8 foot per mile between the Merced River and Paradise Cut.

Major tributary streams, from north to south, are the Cosumnes, Mokelumne,

Calaveras, Stanislaus, Tuolumne, and Merced Rivers. These streams, plus the

San Joaquin River, contribute the major portion of the surface inflow to the

valley. Minor streams on the east side of the valley are the Fresno and

Chowchilla Rivers and Burns, Bear, Owens, and Mariposa Creeks. Panoche, Little
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Panoche, Los Banos, San Luis, Orestimba, and Del Puerto Creeks comprise the

minor streams on the west side. These west side streams contribute very little

to the runoff of the San Joaquin River. Numerous other small foothill channels

carry water 0nly during intense storms. During high runoff periods a distribu-

tary channel of Kings River (called James Bypass) discharges water into the San

Joaquin River at Mendota. In addition, floodwater is diverted to the San

Joaquin River from Big Dry Creek Reservoir near Fresno. Flows from rivers and

creeks are significantly reduced by storage, diversions., and channel seepage

losses as they cross the valley floor so that only a portion of the water at

the foot-hill line reaches the San Joaquin River.

2. Southern Delta

The boundaries of the South Delta Water Agency (SDWA) are set forth in

section 9.1 of the South Delta Water Agency Act (Cal. Stats. 1973, c. 1089,

p. 2207). The area encompassed therein is located in the southeastern part of

the Sacramento-San Joaquin Delta as illustrated in Figure III-2. It contains

approximately 231 square miles or roughly 148,000 acres. Of this area, about

123,000 acres are devoted to agricultural uses and the r~mainder is comprised

of waterways, levees, and lands devoted to residential, industrial and municipal

uses. The area within SDWA is generally known as the Southern Delta.

The lands in the southern Delta are generally mineral soils with low perme-

ability. The agricultural lands in the Southern Delta are fully developed,

irrigated and highly productive. The agricultural lands are dependen~ primarily

upon the in-channel water supply in the area for irrigation, and for irrigation

purposes about 450,,000 acre-feet per year are diverted from the channels.

There are about 75 miles of channels in ~he southern Delta and these are of

great importance. They not only serve as water supply sources for irrigation,

8
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but also as drainage canals for drainage water, important habitat and ~igration

routes for fish, waterways for commercial shipping and recreational boating,

and avenues for the passage of floodwaters.

3. Existinq Water Resource Develo.Dment

a. Genera 1

Development of the water resources of the San Joaquin River basin was

initiated more than 120 years ago. This development ranges from small local

diversions from the rivers amd streams to large multiple-purpose reservoirs and

extensive levee and channel improvements. Because of this development the flow

regime of the San Joaq%Lin River ~as significantly changed from that which would

occur under natural conditions. The major reservoirs in the basin are ~abulated

below:

Major Reservoirs
San Joaquin River Basin

Name of Year Capacity
Reservoir Operating Agency Completed Purpose (AF)

Stanislaus River
Union PG&E 1902 P 2,000
Utica PG&E 1908 P 2,400

--Relief PG&E 1910 P 15,600
Strawberry PG&E 1916 -. P 18,300
Woodward South San Joaquin I.Do 1918 I 36,000

*Melones Oakdale & SSJ I.D. 1926 I,P 112,500
Spicer Meadows ~G&E 1929 P 4,100
Lyons ~G~E 1932 P 5,500
Beardsley Oak~ale & SSJ I.D. 1957 I,P 98,300
Donnells Oakdale & SSJ IoD. 1958 I,P 64,700
Tulloch Oakdale & SSJ I.D° 1958 X,P 68,200
New Melones U.SoCoEo 1979 FC,I,P,P,F&W,WQ 2,400,000

Tuo lumne River
Modesto Reservoir Modesto I.D.’ 1911 I 27,000
T~rlock Lake T~rlock I.D. 1915 Z 4,900
Lake Eleanor City & Co° of SoF. 1918 M&I,P 26,100
Hetch Hetchy City & Co. of S.Fo 1923 M&I,P 360,000
Cherry Valley City & Co. of S.F. 1956 M&I,P 268,000

**Don Pedro Modesto & Turlock I.D. 1923 I,P 290,400
New Don Pedro Modesto & Turlock I.D. 1971 FC,I,P,R 2,030,000

*Inundated by New Melones Reservoir.
*’Inundated by New Don Pedro Reservoir.
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Major Reservoirs
San Joaquin River Basin

CCont’d)

Name of Year Capacity
Reservoir Operating Agency Completed Purpose (AF)

Merced County Streams
Yosemite Lake Merced I.D. 1888 I 7,000
Mariposa USCE 1948 FC 15,000
Owens USCE 1949 FC 3,600
Burns USCE 1950 FC 6,800
Bear USCE 1954 FC 7,700

Merced River
McSwain Merced I.D. 1966 I,P,R 9,500

***Lake McClure Merced I.D. 1926 I,P 280,900
New Exchequer Merced I.D. 1967 FC,I,P,R 1,025,000

Chowchilla & Fresno Rivers
Madera Lake Madera Co. 1958 R 4,700
Hensley Lake USCE 1975 FC,I,R 90,000
H.V. Eastman Lake USCE 1975 FC,I,R 150,000

San Joaquin River
Crane Valley PG&E 1910 P 45,100
Huntington Lake SCE 191.7 P 89,200
Kerckhoff PG&E 1920 P 4,300
Florence Lake SCE 1926 P 64,400

-- Shaver Lake SCE 1927 P 135,300
Millerton Lake WPRS 1941 .. FC,I,M&I 520,500
Big Dry Creek USCE 1948 FC 16~250
Redinger Lake SCE 1951 P 35,500
Lake Thomas Ao Edison SCE 1954 P 125,000
Mammoth Pool SCE 1960 P 123,000

Westside Streams
Los Banos 9TPRS/DWR 1966 I,M&I,P,R 34,600
Little Panoche WPRS/DWR 1966 Z,M&~,P,R 5,600
O’Neill Forebay WPRS/DWR 1967 FC 56,400
San Luis WPRS/DWR 1967 FC,R 2,041,000

**~ Inundated by New Exchequer Reservoir

b. 7rri~at. ion Projects

Major irrigation canals consisting of the Delta-Mendo~a Canal and

the California Aqueduct have been constructed to transport water from the
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Sacramento-San Joaquin Delta to water deficient areas in the San Joaquin

Valley, Tulare Lake Basin, and Southern California. These canals are located

along the west side of the San Joaq~in Valley and are shown on Figure

N~merous irrigation ~istribution systems have been constructed throughout the

valley floor area to convey irrigation water to the farms.~

c. Delta Export Facilities

Central Valley Pro~ect

Tracy Pumping Plant. The Tracy Pumping Plant, located near

Tracy at the southern edge of the Delta (Figure III-2) lifts water via an

intake channel from 01d River some 197 feet into the Delta-Mendota Canal.

The six pumps at Tracy are capable of pumping a total of approximately 4,600

ft3/s. The plant has been operational since 1951. The pumping plant oper-

ates ’on demand and therefore diverts water from the Delta continuously regard-

less of tidal phase.

Delta-Mendota Canal. The Delta-Mendota Canal is a major

canal of the Central Valley Project (CVP). It carries water south from the

Tracy Pumping Plant along the west side of the San Joaquin Valley. In addition

to water service along the canal, the canal is used both to transport water to

the San Luis Unit of the CVP and to partially replace San Joaquin River water

stored by Friant Dam and utilized in the Madera and Friant-Kern Canal systems.

The canal and pumping plant began operation in 1951, The canal is 117 miles

long and terminates at the San JoaquinRiver in the Mendota Pool near the city

of Fresno. The conveyance capacity of the canal varies from 4,600 ft3/s at

the intake to 3,200 ft3/s at its terminus.
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State Water Project

Clifton Court Forebay. The Clifton Court Forebay (Figure

III-2) is a 30,000 acre-foot reservoir. The forebay, completed in 1969,

buffers the effects of aqueduct pumping on the Delta. It also provides forebay

storage for the Delta Pumping Plant to permit a large part of the pumping to be

done with offpeak power. Advantage is also taken of the high-tide elevations

to admit water into the forebay.

Delta Pumping Plant. The unlined intake channel conveys

water from Clifton Court Forebay to the Delta Pumping Plant. The Delta Pumping

Plant lifts water from sea level to an elevation of 224 feet where it flows by

gravity through the State Aqueduct to the San Luis Division. The p~ping

plant, completed in 1967, houses seven p~nping ~ni~s, providing an aggregate

hydraulic capacity of 6,300 ft3/s. From the pump discharge lines, the concrete-

lined State Aqueduct, with a capacity of 10,300 ft3/s, cohveys water south to

the service areas of the State Water Projects.

d. Interbasin Transfers

There are two major diversions from the San Joaquin Basin. The

interbasin transfer from the Tuolumne River through the Hetch Hetchy aqueduct

to the city of San Francisco began in October 1934. A record of these annual

diversions from the Tuolumne Basin was obtained from the files of the city of

San Francisco and are presented on Table III-2.

In 1950 diversions from the San Joaquin River through the Friant-Kern

Canal to the Tulare Lake Basin were begun by Friant Division of the CVP. A

year lat,er, the CVP began to import water into the San Joaquin Basin from the

Sacramento-San Joaquin Delta through the Delta-Mendota Canal. Records of these

two diversions by the Service are published in the USGS Water Supply Papers.
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TABLE I_~I-2

HETCH HET,CHY AQUEDUCT
DIVERSION FROM TUOLUMNE RIVER

CALENDAR YEAR ACRE-FEET

1934 11,211
1935 38,843

1936 56, 814
1937 7,236
1938 I, 692
1939 53,233
1940 24,090

1941 18, 965
1942 14, 0 87
1943 25,333
1944 47, 533
1945 60,241

1946 61,710
1947 69,356
1948 68,812
1949 67,443
1950 75,425

1951 81,450
1952 49,796
1953 94,492
1954 112,850
1955 12 4, 699

1956 80,029
1957 123,619"
1958 70,286
1959 167, 325
1960 166,623

1961 17,438
1962 158,488
1963 127,020
1964 185,600
1965 164,738

1966 198,425
1967 182,170
1968 22 3, 221
1969 197,844
1970 198,766

1971 213,277
1972 260,359
1973 20 5,556
1974 215,501
1975 22 8, 551

1976 263,727
1977 222,734
1978 161,304
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TABLE III-3

INTERBASIN TRANSFERS SAN JOAQUIN RIVER SYSTEM

San Joaqdin River Delta-Mendota Delta-Mendota
at Frlant Friant-Kern Canal Madera Canal Canal at Tracy to Mendota PL

1,000 AF 1~000 AF 1,000 AF 1,000 AF I~000 AF
Annual Apr-Sept Annual Apr-Sep~ Annual Apt-Sept Annual Apr-Sept Annual Apr-Sept

1938-39 1,077 616
40 1,829 1,250
41 2,589 1,255
42 2,254 1,329
43 2,068 1,281
44 1,102 791 48 48
45 1,885 1,364 110 106
46 1,662 1,063 119 92
47 1,155 816 102 76
48 1~’q6 802 76 72
49 1,068 838 152 150
50 974 743 198 180 118 118
51 1,216 588 368 345 142 140 164 164 139 ’139
52 2,084 1,570 ~62 431 179 179 167 141 122 99
53 351 184 741 592 193 179 784 714 668 615
54 262 138 811 717 212 207 1,004 852 825 720
55 107 57 805 674 219 199 1,131 945 927 780
56 1,225 462 1,322 976 239 226 726 592 519 429
57 149 54 990 793 242 229 1,181 968 920 761
58 1,180 1,067 1,145 952 244 238 663 548 447 367
59 79 57 809 536 208 169 1,341 1,066 1,029 814
60 96 67 582 429 144 124 1,389 1,089 1,009 786
61 100 57 442 324 103 91 1,489 1,189 1,021 817
62 75 46 1,370 1,151 277 268 1,357 1,144 991 837
63 85 58 1,513 1,300 270 262 1,344 1,037 966 744
64 70 48 838 543 228 187 1,667 1,240 1,066 817
65 63 40 1,631 1,051 324 285 1,472 1,075 995 736
66 62 45 1,066 628 442 173 1,599 1,259 1,060 819
67 " 1,269 1,185 1,413 1,047 389 351 1,258 865 572 340
68 58 41 96? 503 170 114 1,997 1,476 1,032 78?



A portion of the water imposed ~_~ough the Delta-Mendota Canal was

delivered to the Mendota Pool in the San JoaqLLin P~iver near Mendota to replace

a portion of the water diverted from the basin at Friant Dam. Records of the

amounts of water delivered to Mendo~a Pool were obtained from the Service

files ¯

A listing of these interbasin Transfers is presented on Table III-3.

4. Climate

The climate of the basin is characterized by wet, cool winters, dry, hot

summers, and relatively wide variations in relative humidity. In the valley

area relative humidity is very low in summer and high in winter. The character-

istic of wet winters and dry summers is due principally to a s’easonal shift in

the loca~ion of a high pressure airmass ("Pacific high") that usuaily exists a

thousand or so miles west of ~he mainland. In the summer the high blocks or

deflects s~orms; in the winter it often moves southward and allows storms ~o

reach the mainland.

a ¯ Precipitation

Normal annual precipitation in t_he basin varies fr~n 6 inches on .the

valley floor near Mendota to about 70 inches at the headwaters of t.he San

Joaquin River. Most of the precipitation occurs during the period November

through April. Precipitation is negligible during the summer months, particu-

larly on the valley floor. The Sierra Nevada and Coast Ranges have a marked

orographic effect on the precipitation, Precipitation increases with altitude,

but basins on the east side of ~he Coast Ranges lie in a rain shadow and

receive considerably less precipitation Than do basins of similar aluitude

on the west side of the Sierra Nevada. Mean monthly and annual precipitation

at several stations in the basin are ~abulated below:
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Average MonthlZ Precipitation (in.)

Station -- Dudleys Merced Sonora So. En~. Stockton
FS2 RS Yosemite WSO

Elev (ft)--- 3000 169 1749 5120 22

Jan 7.05 2.24 5.69 8.23 2.91
Feb 5.87 1.92 4.88 7.09 2.11
Mar 5.74 1.74 4.92 6.39 1.96
Apt 3,87 1.41 3,19 4,50 1,37
May 1.28 .45 1.19 1.80 .42
J~u% 0.44 °07 .33 .56 .07
Jul .03 .01 .03 .08 .01
Aug .05 .02 .05 .07 .03
Sep .37 .11 .35 .57 .17
Oct 1.65 .55 1.49 2.03 .72
Nov 5.05 1.61 4.21 6.33 1.72
Dec 6.90 2.09 5.61 8.14 2.68

Mean Ann. 38.30 12.22 31.94 45.79 14.17

b. Snowfall

Winter precipitation usu~lly falls as snow above the 5,000-foot

elevation and as rain and/or snow at lower elevations. Snow cover below

5,000-feet is generally transient, and may accumulate and melt several times

during the winter season. Normally the snow accumulates at higher elevations

until about the first of April when the melt rates ,exceed snowfall. Surveys of

the snowpack are conducted by the State of California star~ing in January of

each year. Average April I water content at several snow courses is listed

in the fo llo~ng tabulation" --

Ave. I April
Station Basin Elev (ft) Water Content (in)

Soda Cr. Flat Stanislaus 7,800 22.0
Dana Meadows Tuolumne 9,850 30.0
Snow Flat Merced 8,700 42.0
Piute Pass San Joaquin 11,300 35°0

*SOURCE: "Hydrology., lower San Joaquin R/vet" off~.ce report Sacramento
District, Corps of Engineers, December 1977.
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5. Storm Characteristics

Winter storms affecting the area are cyclonic wave disturbances along

the polar front and usually originate in the vicinity of the Aleutian Islands.

The normal trajectory of the waves is toward the southeast; however, the storms

producing the greatest amount of precipitation have maintained a more easterly

trajectory across the Pacific Ocean. The Coast Range Mountains form a barrier

that reduces the moisture in the air,ass moving inland. Most of the water

carried past this barrier is precipitated by orographic effect on the western

slope of the Sierra Nevada.

Major storms over the area normally last from 2 to 4 days and consist

of two or more waves of relatively intense precipitation with lesser rates

between the waves. Warm storms that combine intense precipitation with

temperatures above freezing level at high elevations produce major floods from

the Sierra Mountains. Rainfall during some of these major storms has occurred

up to about the 11,000-foot level.

6. Data Sources

a. Stream Gages

Streamflow and reservoir level records have been maintained by United

States Geological Survey (USGS), the California Department of Water Resources

(DWR) and others for varying periods dating from 1901. A suE~nary of the prin-

cipal stations of interest in this investigation is presented in Table III-4

and their locations are indicated in figure III-3.

b. Water ~ualit~ Stations

Water quality data for the San Joaquin River system are rather limited.
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Although some data are available for tributary streams dating back to 1938, the

records are sparse. The most reliable data are those collected by the USGS on

a monthly frequency since 1951 (except for the Stanislaus River, on which

sampling began in 1956)¯ These generally include analyses for the principal

cations and anions and determinations of TDS, EC, pH and Total Hardness. A

record of 4-day sampling for chlorides in the San Joaquin River at Mossdale

dates from 1929 through mid-1971. In recent years--since about 1959--contln-

uous recordings of electrical conductivity have been made at selected stations

in the Delta, including the San Joaquin River at Vernalis.

The locations of the principal water quality stations referenced in

this report are indicated in figure III-4.

c. Unimpaired Flow Estimates

Development has affected the flow of all the major streams in the San

Joaquin Basin. Estimates of the "unimpaired" flow of the San Joaquin River at

Friant have been made by the Water and Power Resources Service for the period

1873-1978. Estimates for the other major streams in the basin were made by the

Corps of Engineers (USCE), A list of the stations and the period of record is

presented below:

Estimate Period of
Station B~ Record

San Joaquin at Friant Dam SERVICE 1873-1978
Merced River at Exchequer Dam USCE 1906-1978
Tuolumne River at Don Pedro Dam USCE 1901-1978
Stanislaus River at New Melones Dam USCE 1901-1978

For the purposes of this report the unimpaired flow of the San "Joaquin

River at Vernalis was assumed to be the sum of the unimpaired flows at the four

stations above ¯
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Table T-v ~

Operaning !/ D.A. Period
Agency (sq.m!.) of record

San Joaquin River
Miller=on Lake UBBR 1638 1941 ~o dare
bel. Friant USGS 1676 1907 to dare
mr. Mendo=a USBR 4310 3/ 1939 == dare
mr. Dos Palos 2/ USBR 5630 ~/ ’I9AO =o dare
a= ~ramon= Ford 3ridge D~’R 7615 ~/ 1937 to dane
mr. Newman USGS 9520 ~/ 1912 =o dare
mr. Crows Landing DWR - 1965 =o 1972
a~ Pa~=erson Br. D~’R 9760 ~/ 1938 =o 1966

1969 ~o da~e
aU Maze Rd. Br. DWE 12400 3/ 1943 uo da~e
mr. Vernalis USGS 13536 ~/ 1922 no dare

Mcrced River
Lake McClure MID 1037 1926 to dane
bel. Matted Falls Dam, mr.

Sneiling USG$ 1061 1901 =o dare
be!. Smelling DWE 1096 1958 =o dane
a= Cressey DWR 1224 1941 ~o dane
mr. Livingston MID 1245 1922 =o 1944
mr. S=evlnson USGS 1273 1940 =o dare

Tuolumne River
Don Pedro Rese.~volr USG$ 1533 1923
abv. LaGrange Dam mr. LaGrange USG$ 1532 1895 no !970
be!. LaG~ange Da~ mr. L;Grange USG$ 1538 1970 ~o dare
at Modesuo USGS 1884 1940
a~ Tuolu~me Ci=y DWE 1896 1930 Uo dane

S=anlslaus River
Melones Lake WPRS 904 1926 =o dane
hei. Melones Powerhouse USGS 905 1931 to 196~
Tulloch Reservoir TRI-DAMS 980 1957 =o dare
~el. Goodwlm Dam UBGS 986 1957 =o da=e
a~ Ripon USGS 1075 1940 ~o da~e

Panoche Cr. ~el. Silver C:. USGS 29~ !949 =o 1953
1958 =o 1970

Ores=Imba Cr. mr. Newman USGS 15& 1932 to date
De! Puerto Cr. mr. Patterson USGS ¯ 72.6 1958
Los Banos C~. mr. Los Bamos USGS 159 ~958 to 1966

I../ USGS - Umlted 5===es Geological Su~ey, USBR - Uni=ed Snares Bureau of Rec!ama-
=!on, U$CE - United 5=ares Corps of L~Eineers, DWR - Snare of Calif., Dep=.
Waner Resources, MID - Merced ~rri~anion Disnrio=

~/ Measures =os= of low flows and only peru of flood peaks
i/ ~n=ludes Kings River basin

19
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7. Return Flows

There have been few direct measurements of drainage return flows, only

occasional gagings associated with special studies. In this report return

flows were estimated by water balance calculations between stream gages

where the change in flow could be attributed to drainage accretions.

8. Water Levels

Data on water levels in the Delta channels were derived from continuous

recorders operated by the Department of Water Resources. The location of water

level stations used in this report are shown in Figure If!-5.

9. Channel Depths

Data on channel depths were derived primarily from hydrographic charts

of the U.S. Coastal and Geodetic Survey and special surveys conducted in 1974

and 1975 by the Department of Water Resources.

10. Other

Additional data on flows, water quality and water levels were derived

from reports of special studies and Service files.
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CHAPTER IV

INVESTIGATION PROCEDURE

A. SELECTION OF HYDROLOGIC AND WATER QUALITY RECORD PERIODS

Since the primary objective of this investigation is to determine the

effect of the Central Valley Project on the quantity and quality of the in-

channel water supply in the Southern Delta, the period of record was selected

to include representative periods both before and after the implemen~ation of

CVP operations in the San Joaquin Valley. The pre-1944 spanned 14 years,

1930-1943 inclusive. The post-1947 spanned 22 years, 1948-1969 inclusive.

Data records were assembled for the period" 1930-1969, although the records for

1944 through 1947, when the CVP was being brought "on-line," were generally

excluded from analysis.

B. ESTIMATION OF UNIMPAIRED RUNOFF

For the purposes of this investigation "unimpaired r~noff" means the

natural runoff of the river basin, absent the influence of man. Generally,

this quantity is estimated by determining the aggregate runoff of all gaged

streams in the drainage area above the highest point of development and adding

an ~mount estimated to correspond to accretions from precipitation (ungaged) at

lower levels if the watershed were entirely undeveloped, i.e., in virgin

condition.

However, for reasons of simplicity it was decided to exclude the estimate

of valley floor accretions (the ungaged flow from developed lands) and utilize

only the gaged runoff of the four principal streams above the major projects.

This runoff, which was used to estimate the impact of post-1947 development and

operation, is referred to in this report as "unimpaired" rimflow.

21

C 115162
C-115162



Unimpaired runoff at Friant, Exchequer, Don Pedro, and New Melones repre-

sent the rim station flows of the San Joaquin, Merced, Tuolumne, and Stanislaus

Rivers, respectively. Vernalis unimpaired flow as referred to in this report

is the sum of ~he four unimpaired rim station flows. This definition of

Vernalis unimpaired flow is the commonly used form.

C. IDENTIFICATION OF KEY STATIONS FOR WATER BALANCE AND SALT BALANCE

The impacts of upstream development on the inflow to the Delta are measured

mainly in the flow and quality of the San Joaquin River at Vernalis, hence data

for this location are crucial to the investigation. Development of the CVP has

occurred primarily in the upper portion of the San Joaquin River basin, at

Friant, near Mendota and along the reach of the San Joaquin River above its

confluence with t_he Merced River. Thus, the gaging station on the San Joaquin

River near Newman, situated just below the mouth of the Merced, is important

for the information it provides o~ the changes in runoff that may be attributed

to the CVP. This runoff quantity has been corrected for ~he contribution of

the Merced River and Merced Slough to produce a synthetic, record of runoff of

th_e upper San Joaquin River basin above the Merced River, which figures promi-

nently in water balance computations. For the purposes of this report changes

in runoff from the upper San Joaquin River basin, i.e., above the mouth of the

Merced River, that have occurred since 1944 are attributed entirely to ~he

CVP.

Other key stations for both the water quantity and water quality analysis,

in addition to Vernalis, include stations on the eastside tributaries just

upstream of their confluences with the main stem of the San Joaquin and the

major westside tributary, Salt Slough for which good water quality data are

available. Several stations along the Tuolumne River, at LaGrange, Hickman,

and Tuolumne City serve to assess the contribution of the gas wells to the
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river’s salZ burden.* Upstream stations at Friant, Exchequer, LaGrange, and

Tulloch provide wa%er quality data that are useful for comparison wi ~h westside

drainage quality and the quality of water in the main stem of the San Joaquin.

D. ESTIMATION OF WATER BALANCE

Changes in water balance in the San Joaquin River for ~e pre-1944 and

post-1947 periods have been assessed by several different techniques as follows:

I. By comparison of average annual, seasonal and monthly runoff at key

locations for similar hydrologic periods.

2. By comparison of double mass plots of annual and seasonal runoff for

key locations; either in chronological sequence or in order of magnitude

sequence. Data for double mass diagrams were fitted with regression equations,

that were then used in determining flow reductions.

Since no two-years or other chronological periods are hydrologically

identical, an effort was made to classify seasons, years, or groups of years

according to the magnitude of unimpaired (rim) runoff. Considering the four-

station runoff total** as an estimate of the unimpaired flow of the San Joaquin

River at Vernalis, an analysis of the record 1906-1977 (72 years) showed that

hydrologic years could be grouped conveniently into four general categories of

about equal size as shown on Table IV-I.

Dry (19 years) less than 3,500,000 AC/yr
Below normal (18 years) 3,500,000 to 5,600,000 AC/yr
Above normal (20 years) 5,600,000 to 7,500,000 AC/yr
Wet (15 years) greater than 7,500,000 AC/yr

*During the 1920’s a series of gas wells were drilled in the region of the
lower Tuolumne River. These wells penetrated water bearing formations,
including some with high salinity. When these wells were later abandoned,
some that penetrated artesian s~rata continued to flow, adding significant
amounts of salt to the Tuolumne River in the lower section below Hickman. The
wells were sealed in 1976-1977 so that the accretions of salt to the Tuolumne
River were reduced. Data are not yet available to determine the extent of the
salt load reduction and its impact on the San Joaquin River.

**San Joaquin River at Friant, Merced River at Exchequer, Tuolumne River at
Exchequer, and Stanislaus River at Melones.
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TABLE IV- I

UNIMPAIRED FLOW, SAN JOA~UIN RIVER AT
VERNALI S, 1906-1979

Flow Flow Flow
Year 1,000 AF Year 1,000 AF Year 1,000 AF

1977 1,014 1918 4,587 1914 8,692
1924 1,504 1950 4,656 -1909 8,971
1931 1,660 1971 4,870 1952 9,312
1976 1,928 1925 5,505 1956 9,679
1961 2,100 1923 5,512 1967 9,993
1934 2,288 1970 5,587 1938 11,248
1929 2,844 1962 5,618 1911 11,480
1939 2,909 1946 5,734 1907 11,’824
1968 2,958 1921 5,901 1969 12,295
1960 2,960 1975 6,114 1906 12,427
1959 2,986 1963 6,250
1913 2,995 1915 6,405
1964 3,151 1935 6,418
1930 3,254 1973 6,467
1908 3,325 1936 6,495
1933 3,356 1927 6,499
1947 3,424 1937 6,530
1912 3,458 1940 6,596
1926 3,493~ 1945 6,612
1955 3,512 " 1932 6,622
1972 3,571 1910 6,645
1949 3,799 1917 6,662
1944 3,933 1974 7,146
1966 3,985 1951 7,262
1919 4,096 1943 7,283
1920 4,097 1942 7,370
1948 4,218 1922 7,681
1957 4,292 1941 7,945
1954 4,313 1965 8,108
1953 4,554 1916 8,229
1928 4,365 1958 8,367

* Bars divide the data according to year classifications, dry, below
normal, above normal and we~o
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This division puts approximately the same number of years during the

1906-1978 period into each category. Each category was not eq~al!y represented

in the two study periods as the following table illustrates:

1906-1977 1906-1929 1930-1943 1948-1969 1970-1977

Dry 19 6 5 5 2
Below normal 18 6 0 8 3
Above normal 20 5 7 3 3
Wet 15 7 2 6 0

Total 72 24 14 22 8

A similar breakdown of the runoff of the San Joaquin River at Friant

indicated that this year classification system was consistent for the smaller

tributary area as well.

Additional relationships were developed .comparing flow of a station to

flow at an adjacent station. These relationships are used throughout this

report when specific dates are not designated. The data, graphs, and mathemat-

ical equations that are not included in the body of this report may be found in

the files of the CVOCO offices of the Mid-Pacific Region of the Service.

-- "Other" flows are determined by changes in flow at adjacent stations not

contributed by measured ~ributaries. "Other" flows for several reaches of

the main stem of the San Joaquin River have been determined using this water

balance method.

E. EVALUATION OF WATER QUALITY EFFECTS

I. Salt Balance

Data is available for the stations studied, to prepare salt load-flow

relationships. These relationships are used throughout this report when

specific dates are not indicated. The data, graphs, and mathematical equations

that are not included in the body of this report may be found in the files of

the Offices of the Mid-Pacific Region of the Service.
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With the salt load known at key locations, any change in load between

stations not caused by measured tributaries can be attributed to "other"

sources. "Other" loads are determined using this method for several reaches

along the main stem of the San Joaq~lin River.

2. Chemical Com.mosition

Because the geologic, topographic a~d hydrologic characteristics

of the east and west sides of the San Joaquin Valley are distinctly different,

it was expected that detailed water quality analysis of waters derived from the

several sources would serve to identify their separate and proportional contri-

butions to the San Joaquin River salt burden. For this purpose USGS data on

water quality for selected stations along the main stem of the San Joaquin

River were compared to those for the principal tributaries and sources known to

contribute drainage water to the system. Comparisons were made on the basis of

the proportions of principal cations and anions, especially sulfate ion (SO~)

known to be derived from soils on the westside of the valley and characteristic

of both wells and drainage waters from this area. Also, noncarbonate hardness

and boron concentration, that tend to distinguish waters from the westside of.

the valley from those of the major Sierra streams, are used to "fingerprint"

the composite drainage water of the San Joaquin River. Comparisons are also

made with water imported into the westside of-the Valley by the Delta-Mendota

Canal.

F. ESTIMATION OF RETURN FLOWS

In the absence of direct measurement of return flows, it was necessary to

estimate aggregate returns by either water balance methods or by a combination

of water balance and salt balance Computation. Details of individual drainage
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contributions, known to exist along the San Joaquin and the lower reaches of

major tributaries (DWR, 1960) are not determinable by either method. The

question of the relative contributions of east and westside sources, however,

was addressed by considering both chemical composition and water balance.

G. EVALUATION OF EXPORT PUMPING EFFECTS (CVP AND SWP)

I. On Channel Depths

For purposes of evaluating effects of CVP export on South Delta Channels,

comparisons were made of channel cross sections and average depths, before the

advent of the CVP and after. Data for this purpose were derived from USCGS and

DWR sources.

2. On Water Levels

Water level effects were assessed in three ways; from actual records of

tidal fluctuation during pumping, from the results of pumping tests designed to

determine drawdown due to pumping, and by application of a mathematical model

that simulates the. hydrodynamic behavior of Delta channels during actual or

hypothetical pumping episodes.

3. On Water Quality

water quality effects of export pumping were not measurable directly,

but were assessed in general terms from changes in circulation induced by

pumping. Channel discharges, velocities and net circulations were determined

from the results of simulations using the math6matical model.

4. Mathematical Modeling

The mathematical model employed as a tool in this investigation is a

version of the hydrodynamic simulator developed by Water Resources Engineers,

Inc. and employed by DWR and others in a variety of special studies of Delta

hydraulics. It was adapted for this investigation, using detailed data on

channel geometry and water levels provided by the DWR.
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CHAPTER V

WATER QUANTITY EFFECTS OF UPSTREAM DEVELOPMENT

This section of the report discusses the effect of upstream development on

lower San Joaquin River flows. It attempts to identify the impact of the CVP

by assuming that all development on the upper San Joaquin River (that portion

of the San Joaquin River upstream of the mouth of the Merced River) since 1947

¯ is due to the CVP. While some development in addition ~o the CVP has occurred

in the upper San Joaquin basin it is not extensive and for the purpose of this

report, is considered negligible.

It is obvious from the records of San Joaquin River flows at Vernalis that

development of water resources in the basin upstream has decreased the quantity

of flow in the lower San Joa~in River. Figure V-I shows the average reduction

in runoff in the April-September period between two historic periods, 1930-1944

and 1952-1966. The figure demonstrates that the flow of the San Joaquin River

at the Vernalis gage during the April-September period averaged I ,020,000

acre-feet less in the 1952-1966 period than in the 1930-1944 period when

adjusted for the difference in unimpaired rim flow.

Fighre V-2 similarly shows the average reduction in flows of the upper San

Joaquin River during the April-September period. When adjusted for the diffe-

rence in unimpaired rim flow, the average flow in the upper San Joaquin River

has decreased by 444,600 acre-feet during the April-September period.

Although development has had a significant effect on the average flow

in the lower San Joaquin River it is evident from the streamflow records of

the San Joaquin basin rivers, that the magnitude of the annual unimpaired flow

of the ~an Joaquin River is important in deterntining the impact of the CVP on

the flow of the river into the southern Delta area.
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To evaluate more effectively the impact of the CVP in years of differing

hydrology runoff, records for the ~eriod 1906-1977, inclusive, were studied to

determine a logical year classification system. The analysis resulted in

classification of hydrologic years into four groupings by magnitude of unim-

paired ’flow as summarized in Table V-to

Figures V-3 and V-4 show a comparison by year type of actual San Joaquin

River flow near Vernalis to the sum of unimpaired rim station flow for the

annual and April through September periods, respec~ivelyo Figure V-5 presents

a comparison by year type of the actual flow of the upper San Joaquin River

and the unimpaired flow of the San Joaquin River at Friant Dam for the April

through September period. The importance of year type in determining the

impact of the CVP can be seen by comparing figures V-3, V-4 and V-5. For

example, while figures V-3 and V-4 show that there has been a reduction of

flow at Vernalis in dry years, figure V-5 indicates that there has been rela-

tively small changes in the f!ow~ of the upper San Joaquin River during the

April ~hrough September period of dry years.

Since the ~ype of year is important in determining the impact of the CVP

on net runoff at Vernalis, the following discussion of impac~ treats each of the

four-year types separately.

DRY YEARS

San Joaquin Basin Above Vernalis

There were five years in each of the pre-1944 and post-~947 periods for

which the total rim station unimpaired flow Was less than 3,500,000 acre-feet

per year. Tables V-2, V-3, V-4, and V-5 summarize the hydrologic conditions for

these I0 dry years°
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Table V-1
Year Classifications for the San Joaquin River System

Year Class                                               Unimpaired FlowI
acre-feet/year

Dry less than 3,500,000

Below Normal 3,500,000 - 5,600,000

Above Normal 5,600,000 - 7,500,000

Wet greater than 7,500,000

Sum of runoff of four major tributaries to the San Joaquin Basin.
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As the information presented on Table V-2 ~monstrates, the annual ~oss

of flow at Vernalis due to post-1947 upstream ~.evelopment as estimat i by the

double-mass diagram method described on page IV-3, is in the range of 254,000 to

688,000 acre-feet in dry years.

Table V-2 also shows that the city of San Francisco diversion from the

Tuolumne River basin through Hetch Hetchy Aqueduct increased from an average of

10,000 acre-feet in pre-1944 dry years (1930, 31, 33, 34 and 39) to an average

of 183,000 acre-feet in post-1947 dry years (1959, 60, 61, 64 and 68). Cg"P

operations during post-1947 dry years resulted in importation of an average of

1,031,000 acre-feet through the Delta-Mendota Canal into the Mendota Pool

and diversion of an average of 728,000 acre-feet through the Friant-Kern Canal

and 171,000 acre-feet through the Madera Canal.

Table V-3 shows that dur.ing the .April-September per.iod, the estimated flow

reduction in the San Joaquin River at Vernalis due to post-1947 development

upstream from Vernalis ranged from 149,000 to 594,000 acre-feet in dry years.

The table also shows that estimated loss due to the development in the upper

San Joaquin basin ranged from 2,000 to 11,000 acre-feet in the April-September

period of dry years.

A comparison of the u~impaired flow of the San Joaquin River at Vernalis

and the actual flow at the Vernalis station was made as a check on the change

in losses* es~ .~mated by the double mass diagram method. As shown on Table

V-2, in the dry years the average net loss at Vernalis increased from 1,501,000

acre-feet in the pre-1944 years to 1,8~;,000 acre-feet in the post-1947 years.

When the pre-1944 average is adjusted for the difference in average unimpaired

flow between pre-1944 and post-1947 periods the average annual increase in

The terms "loss" or "losses" refer to the difference between the upstream
unimpaired flow and the actual flow at the point in t .estion.
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TABLE V-4

ACTUAl. AND UNIMPAIRED ANNUAL FLOWS AT RIM STATIONS IN DRY YEARS

STANISLAUS TUOLUMNE MERCED SAN JOAQUIN
Unlmpalred Actual Unimpaired Actual at Unimpaired Actual at Unimpaired Actual Upper

Dry at Melones at Rlpon at Don Pedro Modesto at Modesto Stevlnson at Frlant San Joaquin
Years KAF KAF KAF KAF KAF KAF KAF KAF

1930 732 474 1,151 527 513 89 859 109

1931 315 611 603 368 262 70 480 72

1933 609 304 1,119 504 516 158 I,Iii 295

1934 424 134 812 387 361 95 691 195

1939 526 286 985 551 477 224 921 433

AVG. 521 361 934 467 426 127 812 221

1959 584 241 997 627 455 I15 949 iii

1960 594 92 1,056 293 483 89 829 105

1961 404 81 736 223 312 57 648 88

1964 643 212 1,139 540 447 92 922 164

1968 640 268 1,010 553 426 205 862 210

AVG. 573 179 988 447 425 112 842 136

ADJUSTED LOSS 218" 47* 15" 93~

TOTAL SUB-BASIN LOSS = 373

*Example:.                                                                                 Average unimpaired f[ow
Adjusted loss = Ave. loss in post-1947 years - Average loss in pre-1944 yearsx for post-19/:7 years

Average unimpaired flow
for pre-1944 years

[ s731o 218(Stanlslaus Basin) = (573-179) - (521-361) x 521J

O



TABLE V-5

ACTUAL AND UNIHPAIRED APRIL TO SEPTF2dBER FLONS AT RIH STATIONS IN DRY YEARS

STANISLAUS                   TUOLIRdNE                    ~RCED                    SAN JOAQUIN
Unimpaired Actual      Unimpaired    Actual at Unimpaired Actual at Unimpaired      Upper

Dry at Helones at Ripon at Don Pedro Hodesto at Hodesto Stevlnson at Friant San Joaquin

Years KAF KAF KAF KAF KAF KAF KAF KAF

1930 524 326 869 266 391 50 706 65

1931 216 38 626 73 193 30 368 0 .

1933 528 203 953 219 630 58 965 137

1936 222 31 656 97 195 62 430 16

O 1939 354 126" 616 142 300 60 661 I00

[ AVO. 369 166 663 155 302 68 618 60

m 1959 366 52 661 86 307 47 664 56

._~ 1960 601 61 731 76 366 37 632 39

~0 1961 301 26 566 53 231 17 687 38

"-~ 1966 660 46 781 60 312 40 816 67

1968 400 66 652 77 286 51 583 77

AVG.. 381 46 673 70 296 38 636 55

ADJUSTED LOSS 103 87 9 7

TOTAL SUB-BASIN LOSS = 206 KAF

*’Computed as per example in Table V-4



losses at the Vernalis gage was 294,000 acre-feet with 230,000 acre-feet

occurring in the Apri!-September period (see Table V-3).

A further check on change in losses occurring in the San Joaquin P~iver

basin was made by analyzing ~he losses of four subbasins. Tables V-4 and V-5

summarize the hydrologic da~a for the subbasins during the I0 dry years studied.

The sum of the adjusted subbasin losses is 373,000 acre-feet for the annual

period. During the April-September period the sum of the adjusted subbasin

losses is 206,000 acre-feet (see Table V-5).

The table below summarizes the results of the three methods of analysis.

~ Estimated Loss At Vernalis, KAF
~ Annual April-Sept

Double mass diagram 519 417

~ Basin comparison 294 230

Subbasin comparison 373 206

Upper San Joaquin Basin

In the upper San Joaquin River basin post-1947 development affected the

annual flows in dry years, but had no measurable effect on the flows during the

April-September period. In the five pre-1944 dry years the actual annual flow

of the upper San Joaquin River ranged from 72,000 to 433,000 acre-feet with an

average of 221,000 acre-feet, while the ~nimpaired annual flows at Friant ranged

from 480,000 to 1,110,000 acre-feet. Post-1947 dry-year flows in the upper San

Joaquin River ranged from 88,000 to 210,000 acre-feet with an average of

136,000 acre-feet while ~nimpaired annual flows at Friant ranged from 647,000

to 949,000 acre-feet. There was an average decrease in the annual post-1947

flow in dry years in the upper San Joaquin River of about 138,000 acre-feet as

estimated by the double mass diagram method (see Column 11, Table V-2).
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With adjustment for the difference in unimpaired annual dry-year flow at

Friant, the average decrease in flow from pre-1944 ~o post-1947 years in the

upper San Joaquin River is about 133,000 acre-feet. This is about 60 percent

of ~he pre-1944 flow in the upper San Joaquin River.

During the April-September period there was no significant change from

the pre-1944 dry years to the post-1947 dry years in the upper San Joaquin

River (see Column ~, Table V-3).

Estimated reduction in flow
in the upper San Joaquin River, KAF

Method Annual April-Se~t

Double Mass Diagram 133 6

Basin Comparison 93 7

Figure V-6 shows a comparison of actual runoff at Vernalis during the

April-September period for dry years in the pre-1944 and post-1947 periods

During four pre-1947 dry years of 1930, 31, 33 and 34 the flow at Vernalis

averaged 68,150 acre-feet/month during the April-September period. This was

about 40,000 acre-feet/month more than for the same period of the four post-

1947 dry years of 1959, 60, 61 and 64.* The April-September decrement in

runoff was about 241,000 acre-feet.

The same comparison in the upper San Joaquin River is made on figure V-7.

~n dry years the average flow in the upper San Joaquin River during the April-

September period increased slightly in five of the six months within the

period. In June the average flow decreased from 25,000 acre-feet to 8,300

acre-feet. This difference in average flow in June is attributed to an unusually

high runoff in June 1933.

* The two sets of dry years were chosen for comparison so that the average
unimpaired rim flows were nearly equal, e.g., 328,000 acre-feet/year for the

¯ pre-1944 years v. 327,000 acre-feet/year for the ~ost-1947 years.
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Z 140-- MEAN OF 4 DRY YEARS
tr PRE-1844 (1931 34, 30, 33)

> MEAN RIM FLOW = ;328,000 AF/M0

SEASONAL DECREMENT IN

. ~ ’~, ~’. RUNOFF = 241,000 AF

0 < . ;MEAN PRE-1944 = 68.150 AF/MO

~ o

0
MEAN POST-I~4?

MEAN OF 4 DRY YEARS

POST-194~" (1961, 60, 59, 64)

MEAN RIM FLOW = 32~,000 AF/MO

ACTUAL RUNOFF AT VERNALIS DURING APRIL-SEPTEMBER
PERIOD IN DRY YEARS

PRE.194~, (1931, 34, 30, 33} AND POST-1947 (1961, 60, 59, 64
~’ NO ADJUSTMENT
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MEAN OF 4. DRY YEARS

~--’-PRE-1944 (1931, 34, 30, 33)

MEAN RIM FLOW=102,000 AF/MO

SEASONAL DECREMENT IN

RU NOFF=2600 AF

MEAN OF 4 DRY YEARS

MEAN RIM FLOW=lOS,300 AF/MO

ACTUAL RUNOFF UPPER SAN JOAQUIN.RIVER BASIN DURING APRIL-SEPTEMBER

PERIOD IN DRY YEARS

PRE-19,/,4 (1930, 31, 33, 34} AND POST-19,47 (1959, 60, 61,
" ADJUSTED TO PRE-CVP BASE BY RATIO OF RIM FLOWS
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When adjusted for the difference in unimpaired flow at Friant, the

April-September period reduction in runoff during the post-1947 period is 2,600

acre-feet or about 400 acre-feet/month in the upper San Joaquin River.

Summary of 7mpacts - Dry Years

In s~mmary, the data indicates that in dry years the impact of the CVP

on the San Joaquin River at Vernalis was as follows:

a. On an annual basis the estimated decrease in flow ranged from 93,000

to 133,000 acre-feet which is about 8 to 11 percent of the pre-1944

average dry-year annual flow at Vernaliso

b. During the April-September period, the reduction in flow attributable

to the CVP ranged from 2,600 to 7,000 acre-feet, which is about 0.6 to

1.6 percent of the pre-1944 average dry-year April-September flow at

Vernalis.

BELOW NORMAL                                                                                         ,

The evaluation of the below normal years was the most difficult and

probably the least accurate. While the four-year types were almost equally

distributed in the 72-year period 1906-1977, there were no below normal years

from 1930 through 1943o In contrast, over one-third or eight of the post-1947

years were classified as below normal. When available, information for the

below normal years of 1923, 1925, and 1928 were included in Tables V-6, V-7,

V-8, and V-9 for comparison purposes.

Based on the double-mass diagram method of calculation, the average

annual reduction at Vernalis since 1947 during below normal years is estimated

as 1,219,000 acre-feeto Most of the reduction, about 1,064,000 acre-feet,

occurred during the April-September period. The average flow reduction due to

CVP development on the upper San Joaquin River was about
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TABLE V-8

ACTUAL AND UNIHPAIRED APRIL TO SEPTEMBER FLOWS AT RIH STATIONS IN BELON NOEHAL YEARS

STANISLAUS TUOLUIdNE MERCED SAN JOAQUIN
Below Unimpaired Actual Unimpaired    Actual at Unimpaired Actual at Unimpaired Actual Upper
Normal at Melones at Rlpon at Don Pedro Modesto at Hodesto Stevlnson at Frlant San Joaquin
Years KAF KAF KAF KAF KAF KAF KAF KAF

1923 820 624 1,310 421 690 520 1,303 838

1925 855 690 1,381 9]4 N.A. N.A.

1928 416 394 792 406 391 212 725 200

AVG. 691 569 1,161 580 540 366 1,052 519

O 1948 781 492 1 192 359 603 211 1,077 67
I 1949 615 286 1 035 141 511 113 1,016 53

.~, 1950 846 535 1 187 361 553 139 1,045 42
�.n ~ 1953 736 374 1 141 266 455 67 944 67

1954 650 335 1 037 253 484 185 1,046 82
1955 513 138 851 86 418 48 941 66

1957 661 199 1,038 152 499 169 1,071 94

1966 429 47 i84 79 409 39 870 57

AVG. 654 301 1,033 212 491 121 1,001 66

ADJUSTED LOSS* 233 304 212 428

*Computed as per example in Table V-4 TOTAL SUB-BASIN LOSS = 1,177

,o



TABLE V-9

ACTUAL AND UNIMPAIRED ANNUAL FLOWS AT RIH STATIONS IN BELOW NOP~L~L YEARS

STANISLAUS TUOLUMNE MERCED UPPER SAN JOAQUIN
Below Unimpaired Actual Unimpaired    Actual at Unimpaired Actual at Unimpaired Actual Upper
Normal at Melones at Ripon at Don Pedro Modesto at Modesto Stevlnson at Frlant San Joaquln
Years KAF KAF KAF KAF KAF KAF KAF KAF

1923 1,130 947 1,786 833 942 786 1,654 N.A.

1925 1,224 I,iii 1,932 1,096 910 N.A. 1,439 N.A.

1928 950 777 1,525 1,028 737 390 1,154 228*

AVG. I,i01 94.5 1,748 986 840 588

1948 898 584 1,418 599 688 262 1,215 103

1949 745 433 1,252 1,035 638 195 1,164 119

1950 1,076 706 1,551 696 719 232 1,311 108

1953 967 581 1,534 728 626 243 1,227 211

1954 888. 500 1,445 648 668 263 1,314 179

1955 681 311 1,136 369 534 109 1,161 145

1957 894 328 1,424 529 648 255 1,327 205

1966 703 429 1,315 734 669 211 1,299 247

AVG. 856 484 1,384 667 649 221 1,252 165

ADJUSTED LOSS* 273 115 233

*Note: There is only a single observation for the below normal years (1928) hence it was not feaslble
to determine an adjusted loss for the Upper San Joaquln River basin.



543,000 acre-feet in below normal years (see Column 11, Table V-6). Approxi-

mately 386,000 acre-feet of this reduction occurred during the April-September

period (see Column 11, Table V-7).

Although 1923, 1925 and 1928 are not within the study period, information

from these years was used to check the results of the double-mass diagram

method. The information from these 3 years on an annual basis was inadequate

to give a good check. As a result, the annual evaluation of the subbasins gave

unreasonable results. However, the data for the April-September period seemed

to be reasonable and checked the double-mass diagram method quite well.

The loss at Vernalis during the April through September period due to

post-1947 development (see Table V-7), estimated by the double mass diagram

method is I, 064,000 acre-feet. The total subbasin reduction in flow was

computed to be 1,177,000 acre-feet (Table V-8)o Using the subbasln method of

evaluation, the estimated reduction in the upper San Joaquin River was about

428,000 acre-feet. The percentage at Vernalis attributed to each subbasin is

as -follows :
Percent of. total reduction in flow

April through September

Stanislaus 20%

Tuolumne 26%

Merced 18%

San Joaquin River above
Merced River (CVP) 36%

* Subbasin riverflows are measured upstream from the actual mouths of the
Tuolumne and Stanislaus Riverso ~ There may be some net accretions or diver-
sions between these gaging stations and the lower San Joaquin River which
could affect the proportion of losses attributed to each subbasin.
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Summary of Impacts - Below Normal Years

In summary, the data indicate that in below normal years the effect

of the CV~ on the San Joaquin River at Vernalis has been as follows:

a. On an annual basis the estimated decrease in flow was 543,000 acre-

feet, which is 26 percent of the calculated pre-~944 average below

normal year flow at Vernalis.

b. During the April-September period, the decrease in flow ranged from

386,000 to 428,000 acre-feet, which corresponds to 35-38 percent of

the calculated pre-1944 April-September flow at Vernaliso

ABOVE NORMAL YEARS

Seven of the 14 pre-1944 years were above normal, while only t~ree of the

post-1947 years were in this classification. Tables V-10, V-11, V-12, V-13 and

Figure V-8 present the hydrologic data for the above normal years.

As indicated in Table V-10 the average Vernalis unimpaired flow during the

seven pre-1944 years was 6,763,000 acre-feet, about 485,000 acre-feet greater

than the average for the three post-1947 above normal years. The actual flow

at Vernalis during the pre-1944 years was 5,021,000 acre-feet for an average

loss of 1,742,000 acre-feet or 25.7 percent of rim station unimpaired flow.

Losses increased in the post-1947 period to 3,364,000 acre-feet or 47.3 percent

of the rim station unimpaired flow. When adjusted for the difference in the

unimpaired flows of the two periods, the increase in loss between the two

periods is 1,721,000 acre-feet ann~ally. (See column 4 and footnote, Table

V-10.)

Using the same type of analysis, the average reduction in flow in the

upper San Joaquin River (Table V-11) is estimated at~I,076,000 acre-feet in

above normal years. This increase in flow reduction corresponds to 21 percent

of the average above normal year flow at pre-1944 Vernalis.
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TABLE V-12

ACTUAL AND UNIMPAIRED ANNUAL FLOWS AT RIM STATIONS IN ABOVE NORMAL YEARS

STANISLAUS TUOLUMNE MERCED SAN JOAQUIN
Above Unimpaired Actual Unimpaired Actual at Unimpaired Actual at Unimpaired Actual Upper
Normal at Melonea at Ripon at Don Pedro Modesto at Modesto Stevinson at Frlant ~ San Joaquln
Years KAF KAF KAF KAF KAF KAF KAF KAF

1932 1,353 939 2 109 i 097 I 113 549 2 047 989

1935 1,214 97~ 2 II0 1 251 1 171 735 1 923 1 076

1936 1,322 1,075 2 168 I 418 1 152 757 1 853 1 467

1937 1,109 869 1 998 1 383 1 215 828 2 208 2 059

1940 1,400 1,152 2 221 1 322 1 095 706 1 881 1 485

1942 1,485 1,247 2 373 1 786 1 287 965 2 254 2 127

1943 1,566 1,268 2 376 I 712 1 289 973 2 054 2 125

AVG. 1,350 1,075 2 194 1 424 i 189 788 2 031 1 618

1951 1,694 1,436 2,484 1,668 1,225 801 1 859 750

1962 995 407 1,773 365 928 380 1 924 268

1963 1,268 861 2,053 990 984 505 1 945 316

AVG. 1,319 901 2,103 1,008 1,046 562 1 909 445

ADJUSTED LOSS 149" 357* 131" 1,076"

TOTAL SUB-BASIN LOSS = 1,713

*Computed as per example in Table V-4



TABLE V-13

ACTUAL AND ~NIMPAIRED APRIL TO SEPTE~]ER FLOWS AT RIM STATIONS.IN ABOVE NORMAL YEARS

STANISLAUS TUOLUMNE                                        MERCED SAN JOAQUIN

Above Unimpaired Actual Unimpaired Actual at Unimpaired Actual at Unimpaired Actual llpper

Normal at Melones at Ripon at Don Pedro Modesto at Modesto Stevinson at Friant San ,loaqutn

Years KAF KAF KAF KAF KAF KAF KAF KAF

1932 996 674 1,515 770 740 310 1,578 588

1935 1,014 791 1,647 1,040 912 580 1,579 816

1936 884 671 1 452 795 743 481 1 410 765

1937 827 622 1 441 868 808 531 1 670 1,144

1940 799 615 1 315 714 657 475 I 336 836

1942 1,063 826 1 705 1,133 931 675 1 762 1,222

1943 872 623 I 400 792 738 498 1 407 1,011

AVG. 922 689 1 496 873 790 507 1,534 911

1951 545 286 957 350 443 193 964 74

1962 794 256 1,337 109 670 ¯ 202 1,558 51

1963 876 616 1,477 505 692 376 1,515 159

AVG. 738 386 1,257 321 602 257 1,344 95

ADJUSTED LOSS 165" 412" 129" 700*

TOTAL SUB-BASIN LOSS = 1,406

*Computed as per example in Table V-4
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Estimation by the double mass diagram method indicates the average annual

loss at Vernalis to be 1,400,000 acre-feet in above normal years with the

contribution from above the upper San Joaquin River being 768,000 acre-feet.

The subbasin analysis for annual flows, summarized in Table V-12 produced

the following results:

7ncreased Losses KAF

Stanislaus 149,000

Tuo lumne 357,000

Merced 131,000

San Joaquin 1,076,000

To~al 1,713,000

In the evaluation of the April through September period of the above

normal years (Tables V-11 and V-13), the basin analysis and the subbasin

analysis were again in close agreement with the double mass diagram method

producing appreciably different results. The table below summarizes results

obtained by the three methods of analysis:

Estimated reduction flow at Vernalis, KAF
Method                                       Annual            April-Sept

Double mass diagram 1400 1732"

Basin comparison 1721 1400

Subbasin comparison 1713 1406

Estimated reduction in flow in the
Upper San Joaquin River, KAF

Method Annual April-Sept

Double mass diagram 768 440

Basin comparison 1076 704

Analysis by the double mass diagram method gives a higher estimate for the
April-September period than for the annual period. This anomaly results
from the s~atisr_ical treatment of the data, i.e., fitting data with a
regression line ¯
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AS the above table indicates, the flow reduction at Vernalis due to

post-1947 deve!opment averaged from 1,400,000 to 1,721,000 acre-feet with

almost all the reduction occurring in the April through September period. The

reduction at ~ernalis due to development in the upper San Joaquin River basin

is estimated to range from 768,000 to 1,076,000 acre-feet in above normal

years. About 440,000 to 700,000 acre-feet of the reduction occurs in the

Apri!-September period. The following table indicates the percentage of the

April-September reduction attributable to the various river basins.

Stanislaus 12 percent

Tuolumne 29 percent

Merced 9 percent

Upper San Joaquin 50 percent

Summary of Impacts - Above Normal Years

In summary, the data indicate that in above normal years the effect of the

CVP on the San Joaquin River at Vernalis has been as follows:

a. On an annual basis, the estimated decrease in flow ranged from 768,000

to 1,076,000 acre-feet, which corresponds to 15 - 21 percent of

pre-1944 average above normal flows a~ Vernalis.

b. During the April-September period, the estimated decrease i~ flow

ranged from 440,000 to 704,000 acre-feet, which corresponds to 14 -

23 percent of pre-1944 average above normal flows at Vernalis during

the period.
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Six of the post-1947 years and two of the pre-1944 years are classified

as wet. Tables V-14, V-15, V-16, and V-17 present the hydrologic data for these

years ¯

Analysis of’ wet year hydrologic data is somewhat complicated by the contri-

bution of unmeasured flows t~ the valley floor. Consequent.ly, the s~un of rim

station u~impaired ~lows is not necessarily a good estimate of available water.

Nevertheless, for comparison p~rposes the same procedures were applied as for

other year classes.

The unimpaired flow at Vernalis during pre-1944 wet years averaged 9,596,000

acre-feet; in the post-1947 wet years the average was 9,626,000 acre-feet.

According to the double mass diagram method, substantial reduction in runoff

resulted in the post-1947 period, averaging (after adjustment) about 2,609,000

acre-feet for the full year. In the April-September period the corresponding

reduction in flow between pre-1944 and post-1947 years was about 1,742,000

acre-feet. (See Tables 14 and 15, calculation of adjusted losses.)

Analysis of the data for the upper San Joaquin basin by the double mass

diagram method indicates average reduction in flow to t_he valley floor of

1,706,000 acre-feet for the annual period and 965,000 acre-feet during the

April-September period.

Analysis by the subbasin comparison me~hods, as summarized in Tables V-16

and V-17, indicates relatively higher proportions of the reduction in flow

attributed to developm&nt in the upper San Joaquin basin. On an annual

basis the adjusted reduction was 2,916~000 acre-feet for the four subbasins,

2,014,000 acre-feet, or 69 percent of which is attributed to the CVPo Ln the

April-September period the reduction in valley floor runoff was 1,760,000

acre-feet for the four subbasins, and 960,000 acre-feet, or 55 percent of which

was attributed to the CVP.
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TABI,E v-1/~

ESTIHATES OF ANNUAL 14ATER LOSSES AT VERNALIS
IN ~ET YEARS

1 2 3 4              5 6 7 8 ~ .10 11 12 13 ]~ 15

" 0 ~

1938 11,248 10,840 408 ~ ~ " 3,688 N.A. 4,992 -1,30~ ~ ~o~

~ ~ 2,652 2,589 3,244 - 5921941 7,945 7,298 647    ~ ~ ~ ~     ~
~ ~

oo "
Avg. 9,596 9,069    527 3,170 4,118 - 622 ~ o ~

~
~ ¯ ¯

1952 9,312 7,144. 2,168 215 2,840 2,08~ 2,090 750 935 179 ~62 122 -360

1956 9,679 6,305 3,374 8~0 2~960 1,225 1,319 1,6~1 551 239 1,322 5[9 -803

1958 8,367 6,056 2,311 561 2,631 1,180 1,657 974 51~ 246 1,1~5 ~7 -69~

1965 8,108 3,795 ~,313 1,994 2,272 63 397 1,875 4~8 32~ 1,631 995 -636

1967 9,993 5,561 4,632 2,230 3,232 1,269 1,601 1,631 1,250 389 1,~22 572

1969 12,295 10,070 2,225 ~,0~0 2,208 ~,202 - 162 930 ~0~ 1,082 3~8

Avg. 9,626 6,~88 3,138 1,168 2,996 1,878 1,118 ~1 356 1,177 60] -60~

AdJueted Loss = 2,608* = 1,705"
*Computed as per example in Table V-2 - "

:    ~i ~’~



TABLE V-15

ACTUAL AND UNIMPAIRED ANNUAL FLOWS AT RIN STATIONS IN WET YEARS

STANISLAUS                   TUOLUMNE                    MERCED                    SAN JOAQUIN
Unimpaired Actual      Unimpaired    Actual at Unlmpaired Actual at Unlmpalred Actual Upper

Wet at Helone8 at Ripon at Don Pedro Hodesto at Modesto Stevlnson at Frlant San
Years KAF KAF KAF KAF KAF KAF KAF KAF

1941 1,338 1,176 2,500 1,750 1,454 1,083 2,652 3,244

1938 2,045 1,836 3,435 2,595 2,080 1,690 3,688 4,992

AVG. 1,692 1,506 2,968 2,172 1,767 1,387 3,170 4,118

O
1952          1,919          1 529          2,989             2 116         1,563          1,141          2 840          2,090

--~ 1956 1,883 1 542 3,162 1 999 1,675 1,158 2 960 1,319
-~ 1958 1,678 1 180 2,649 1 855 1,409 1,058 2 631 1,657
~ ~ 1965 1,702 1 192 2,748 1 333 1,386 690 2 272 397

1967 1,932 I 355 3,113 1 751 1,716 718 3 232 1,601

1969 2,210 1 707 3,856 2.422 2,188 1,260 4 040 4,202

AVG. 1,887 1418 3,086 1.913 1,656 1,004 2 996 1,878

ADJUSTED LOSS 261’ 345* 296* 2,014"

TOTAL SUB-BASIN LOSS = 2,916
*Computed as per example In Table V-4



TABLE V-16

ESTIMATES OF APRIL TO SEPTEHBER HATER LOSSES AT VERNALIS
IN t/ET YEARS

I~ 14 o

~ ~ ~. ~ ~ ~ .~
o

1938 7,668 6,~94     1,174 ~ ~ ~ 500E ~ E ~ ~ uo ~ 2,766 N.A. N.A. ~ ~ ~          ~ o

1961 5,718 ~,6~6 1,276 ~ m 2,035 1,855 1,810 225 .o~ ~ ~ ~.~g ~ ~

.... ~
Avg. 6,693 5,469 ~,226 2,389 362

m~oo ~ ~ ~ ~" Nooggd

1952 7,124 4,678 2,446 431 2,315 1,570 1,354 961 416 179 431 99 - 322

1956 5,535 2,404 3,~31 925 1,899 462 212 1,687 317 226 976 429 -

1958 6,691 4,4~8 2,243 561 2,216 1,067 1,330 886 379 237 952 367 -

1965 4,97I 1,545 3,426 2,072 1,594 40 116 1,478 724 285 1,051 735 -

1967 7,527 4,192 3,335 1,503 2,548 1,185 1,370 1,178 913 351 1,047 340 - 707

1969 8,421 5,181 3,240 518 3,075 1,250 1,976 1,099 577 356 1,023 2~0 - 763

Avg. 6,712 3,741 2,970 1,002 2,275 1,060 1,215 554 272 9J.3 375 - 517

Adjusted Loss = 1,742* = 965*

¯ Computed ns per exnmple in Tnble V-2



TABLE V-17

ACTUAL AND UNIMPAIRED APRIL TO SEPTE[~ER FLOWS AT RIH STATIONS IN WET YEARS

~ STANISLAUS TUOLUMNE MERCED SAN JOAQUIN
Unimpaired Actual Unimpaired    Actual at Unimpaired Actual atUnimpaired Actual Upper

Wet at Melones at Ripon at Don Pedro Modesto at Modesto Stevlnson at Frlant San Joaquin
Years KAF KAF KAF KAF KAF gAF KAF KAF

1941 953 804 1,746 1,096 984 750 2,035 1,810

1938 1,387 1,174 2,240 1,594 1,297 974 2,744 N.A.

AVG. 1,170 989 1,993 1,345 1,140 862

1952 1,481 1,080 2,217 1,264 I,II0 830 2 316 1,354

1956 1,007 733 1,727 808 902 536 1 899 212

1958 1,307 897 2,073 1,140 1,095 861 2 216 1,330

1965 977 514 1,593 468 807 331 1 594 116

1967 1,423 971 2,258 1,085 1,298 671 2 548 1,370

1969 1,426 868 2,518 1,225 1,401 718 3 076 1,976

AVG. 1,270 844 2,064 998 1,102 658 2 275 1,060

ADJUSTED LOSS 230* 395* 175" 960* -

TOTAL SUB-BASIN LOSS ffi 1,760
*Computed as per example in Table V-4



FLOW DURATION ANALYSIS

Keductions in the flow of the San Joaouin River at Vernalis do not always

of them%selves adversely affect the southern Delta. Much of the flow reduction

occurr’ed in above normal and wet years, providing a necessary flood control

function for the lower San Joaqauin River. Some of the flow reduction occurs

at times when the water is not required to maintain a minimum flow requirement

at Vernalis. Therefore, it is useful to deternline t_he frequency and duration

of flows below certain thresholds. Nhile specific requirements for the San

Joaquin River at Vernalis have not been established, flow-duration curves

provide useful information for impact assessment. Figures V-9, V-10, V-ll,

and V-12 graphically illustrate the percentage of the time the San Joaquin

River flow at Vernalis is less ~han any given assumed level of flow. The

example in Figure V-9 demonstrates how the flow-duration currves can be used to

compare the pre-1944 and post-1947 conditions at Vernalis. For example,

duridg the pre-1944 dry years ~he flow was less than 1,100 ft3/s 36 percent

of the tLme. In the post-1947 dry years flow was less than 1,100 ft3/s 60

percent of the time.

Comparisons can be made for any flow value during all year ty~es except

below normal years. There were no pre-1944 below normal years in the study

period.

!t is not within the scope of this report to determine the level of San

Joaquin River flow at Vernalis below which the impact on the southern Delta

water supply becomes a damaging impact in relation to adequacy of downstream
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F~GURE V-9
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FIGURE V-10
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channel flow for removal of incoming salt load, or in relation to dilution of

incoming salts, or in relation to adequate channel water depth for pump draft,

etc. The flow required to prevent damage will depend, among other things, on

the quality of the water.

However, the Service developed a procedure to estimate the flow reduction

attributable to the CVP which might cause the flow of the San Joaquin River

near Vernalis to drop below required minimums. Since the minimum flow require-

ments have not yet been established, the procedure was used to produce curves

which relate total loss and minimum fl~w requirement. Curves representing dry,

below normal, above normal and wet years for the October-March period,

the April-September period and the annual total, are presented on

Figtlres V-13, V-14 and V-15, respectively.

The procedure utilized generalized equations developed using the double-

mass diagram method to estimate the flow at Vernalis at a pre-194~ level of

development for the 1948 through 1969 period. A similar method was used to

estimate the flow at Vernalis with pre-1944 development in the lower San

Joaquin River basin and post-1947 development in the upper San Joaquin River basin

for the same 1948 through 1969 period. The values calculated using the proce-

dure w~re then compared to the actual flows recorded at Vernalis to determine

the effect of total post-1944 development and the effect of CVP.

Table V-20 is an example of the results of computation. Column I is

the actual flow recorded at Vernalis for the month of October of the indicated

water year. The corresponding flow estimated for a pre-1944 level of develop-

ment is listed in column 2. Column 3 is the estimated flow at Vernalis assum-

ing pre-1944 level of development in the lower San Joaquin River basin and a

post-1~947 level of devlopment in the upper San Joaquin River basin.

58

C--11 521 0
C-115210



,o
IF ( ?. ) _l._J!!_l!hJ: iS_il__.f_l !.A.!#.- !~i ).___.~. ........

!!i) = [ (.i) / [ ( 2 ) - ( i ) 1 I _~_[. (o__) .-__(I__.). ! ......................................

I I" ’;’g -o~ IF 12) ...:,, fllhid 15)I (I))=(2) 13)
.:

, e,l--tl)’) ")~



An estimate of the tota! flow reduction at Vernalis due to development

in the upper San Joaquin basin was then made by subtracting column 3 from

column 2. The actual historic flow at Vernalis is then compared tO ~he Vernalis

target flow, in the case of this example, 1,500 ft3/s or 92,200 acre-feet for

the month. If colunm 2 is less than the target flow, the contribution to the

Vernalis flow reduction by development in the upper San Joaquin River

basin is estimated as column 2 - column 3. If column 2 is greater than

the target flow, the contribution is computed as a percentage of the total

reduction at Vernalis using the equation on table V-18.

The procedure was used to estimate the contribution to flow reduction

below various target flows at Vernalis for the 1948-1969 period. Figures

V-13, V-14, and V-15 show.the curves prepared for the development in the upper

San Joaqttin River basin average contribution to the reduction of flow at

Vernalis below the indicated target flow.

These curves provide a method of estimating CVP impact on flows below

a target flow at Vernalis during various year types. For example, if the

target flow at Vernalis during April-September was 1,500 ft3/s, the average

CVP contribution to a flow reduction below the target flow as determined from

Figure V-14 would be:

in wet years 1,000 acre-feet

!n above normal years 20,000 acre-feet

In below normal years 13,000 acre-feet

!n dry years 9,000 acre-feet

!’t is the position of SDWA that the damaging CVP impact on San Joaquin

River flow at Vernalis is the difference between the actual flow at Vernalis at

6O
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any time and the flow which would have occurred if the CVP did not exist in so

far as these flows are below needed levels. The Service’s analysis does not

conform to this definition. There are times when the non-CVP developments

actually increase Vernalis flows. At such times the Service’s analysis uses

part of that enhancement to offset the impact of the CVP flow decreases even

when the remaining net flow is inadequate.

SUMMARY OF HYDROLOGIC DATA

Hydrologic data for the San Joaquin River at Vernalis for the periods 1930-

1944 and 1947-1969 are summarized in Table V-19. Information presented includes

unimparied rim flows, actual flows at Vernalis, and losses, determined as the

difference between unimpaired and actua! flows. Averages are given for dry,

below normal, above normal and wet years. Minima, medians, maxima, and average

!t will be noted that the former period includes 14 years, while the latter

includes 22 years of record.

Table V-20 provides an additional summary of flow reduction in the 1948-

1969 period that have resulted from development in the entire San Joaquin basin

above Vernalis and in the upper San Joaquin basin. Averages of unimpaired and

actual flows are given by year type for each basin in each of two calendar

periods, annual and April-September. Net losses are also given.

Estimates of flow reduction due to post-1947 development were derived from

the several determinations made by the do~ble mass balance, basin comparison

and subbas~ comparison methods, details of which are given in Tables V-2

through V-17. I~ general, the values given in Table V-19 are the averages of

the highest and lowest values computed by the three methods. For example, for
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TABLE V- 19

SIlMIdARY OF IIYDROI,(3G, IC DATA, 1930-1944 AND 1.947-1969
SAN JOAQUIN RIVER NEAR VERNALIS

Pre-1944 Post-1947

Un~mpalred R~m Actual Losses UnImpa~red Rim Actual Losses
Annual Apt-Sept Annual Apr-Sept ~inual Apr-Sept Annual Apr-Sept Annual Apr-Sept Annual Apt-Sept

KAF KAF KAF KAF KAF KAF KAF KAF KAF KAF KAF KAF
DRY DRY

1931 1,660 1,203 677 121 983 1,082 1961 2,100 1 562 437 82 1 663 ],480
1934 2,288 1,303 927 196 1,361 1,107 1968 2,938 1 918 1,428 309 I 510 1,609
1939 2,909 1,909 1,708 483 1,201 1,426 1960 2,960 2 108 550 139 2 410 1,969
1930 3,254 2,490 1,268 672 1,986 1,818 1959 2,986 1 995 1,243 219 1 743 ].,776
1933 3,356 2,856 1,376 647 1,980 2,209 1964 3,151 2 216 1,124 232 2 027 1,984
AVG. (2,693) (1,952) (1,191) (424) (1,502) (i,528) AVG. (2,827) (i 960) (957) (196) (I 870) (1,764)

BELOWNORMAL BELOWNORMAL

No Pre-1944 years in thebelow normal year type. 1955 3 512 2 723 943 303 2 569 2,420
1949 3 799 3 177 1,247 573 2 552 2,604
1966 3 985 2 492 1,697 246 2 288 2,246
1948 4 218 3 652 1,553 1,094 2 665 2,558
1957 4 292 3 269 1,442 630 2 850 2,639
1954 4 315 3 216 1,717 902 2 598 2,314
1953 4 354 3 275 1,891 780 2 463 2,495
1950 4 656 3 631 1,786 1,062 2 870 2,569
AVG. (4,141) (3 179) (1,534) (699) (2 607) (2,480)

ABOVE NOR~ML ABOVE NORMAL

1935 6 418 5,152 4 038 3,131 2,380 2 021 1962 5,618 4,358 1,487 848 4,131 3,5]0
1936 6 495 4,489 4 953 2,787 1,543 1 702 1963 6,250 4,560 2,812 1,752 3,438 2,808
1937 6 530 4,746 5 483 3,372 1,047 1 374 1951 7~262 2,906 4,738 919 2,524 1,987
1940 6 596 4,107 4 710 2,786 1,886 1 321
1932 6 622 4,829 3 660 2,388 2,962 2 441
1943 7 283 4,417 6 060 3,020 1,223 1 397
1942 7 398 5,461 6 160 3,834 1,238 1 627

AVG. (6,763) (4,743) (5,009) (3,045) (1,754) (1,698) AVG. (6,377) (3,941) (3,012) (1,173) (3,36L) (2,768)



TABLE V--l~

SUHHARY OF HYDROLOGIC DATA, 1930-1944 AND 1947-1969
SAN JOAQUIN RIVER NEAR VERNALIS (Continued)

Pre-1944 Post-1947

Unimpaired Rim         Actual             Losses                   Unimpaired Rim        Actual              Losses
Annual Apt-Sept Annual’ Apt-Sept Annual Apt-Sept Annual Apt-Sept Annual Apt-Sept Annual Apt-Sept

KAF KAF KAF KAF KAF KAF KAF KAF KAF KAF KAF KAF
WET WET

1941 7,945 5,718 7,298 4,444 647 1,274 1965 8,108 4,971 3 796 1 545 4 312 3 426
1938 11,248 7,668 10,837 6,494 411 1,174 1958 8,367 6,691 6 056 4 449 2 311 2 242

1952 9,312 7,123 7 143 4 685 2 169 2 438
1956 9,679 5,534 6 304 2 404 3 375 3 130
1967 9,993 7,527 5 560 4 192 4 433 3 335

tO 1969 12,295 8,540 10,073 5 181 2 222 3 269

I AVG. (9,597) (6,693) (9,067) (5,469) (529) (1,224) AVG. (9,626) (6,716) (6 489) (3 743) (3 137) (2 973)

ALL YEARS

Hin. 1,660 1,203 677 121 411 1,082 2,100 1,582 437 82 1,510 1,480
Med. 6,513 4,453 4,374 2,787 1,300 1,412 4,335 3,272 1,707 875 2,538 2,467

"~ Max. 11,248 7,668 10,837 6,494 2,962 2,441 12,295 8,540 10,073 5,181 4,433 3,510
co Avg. (5,333) (3,756) (3,943) (2,292) (1,390) (1,465) (5,643) (3,471) (2,956) (1,480) (2,687) (2,491)



Table V-2O

SUMMARY OF FLOWS, LOSSES AND FLOW REDUCTIONS
SAN JOAQUIN RIVER NEAR VERNALIS

1948-1969

ANNUAL APRIL--SEPTEMBER
Avg.Rim Estimated Flow Reduction Estimated Flow Reduction
Station Actual Net Due to Post-1947 Deve1. Station Actual Net Due to Post-1947 Devel.

Year Unimpair Flow Loss % of Rim    % of ~nimpair Flow Loss % of Rim % of
Type KAF KAF KAF KAF Station Pre-1944 KAF KAF KAF KAF Statio~ Pre-1944

Dry 2,827 957 1,870 410 14 34 1,960 196 I ,764 320 16 75

Below
Normal 4,141 I ,534 2,601 I ,220 29 33 3,179 699 2,480 1,060 33 52

Above
Normal 6,377 3,012 3,364 l ,560 24 31 3,941 l ,173 2,768 1,580 40 52

Wet 9,626 6,489 3,137 l ,890 20 21 6,716 3,743 2,973 1,370 20 25

UPPER SAN JOAQUIN RIVER BASIN
1948-1969

ANNUAL                                         APR I L-- SE PTEMB ER
Estimated Flow Reduction                              Estimated Flow Reduction

San Joaquin Due to Post-1947 Devel. San Joaquin Due to Post-1947 Deve1.
@ Friant Actual Net % of @ Friant Actual Net % of

Year Unimpair Flow Loss % of Pre-1944 Unimpair Flow Loss % of Pre-1944
Type KAF KAF KAF KAF Frlant @ Vern. KAF KAF KAF KAF Friant @ Vern.

Dry 842 136 706 120 14 lO 636 55 581 7 l.l 1.6

Below
Normal ],252 165 ],088 540 43 24 l,OOl 66 935 390 39 30

Above
Normal 1,909 445 1,464 920 48 18 1,344 95 1,250 570 42 17

Wet 2,996 1,878 1,118 1,240 4l 14 2,275 ],060 ],2]5 760 33 |4



dry years at Vernalis an average annual ’flow reduction of 410,000 acre-feet*

was determined from the average of 519,000 acre-feet estimated by the double

mass balance method and 294,000 acre-feet estimated by adjustment of average

basin losses to a common reference of unimpaired flow. (See table V-2. )

Exceptions to this. procedure are values given for below normal years which were

taken as estimates computed by the double mass diagram method.

Additional information presented in Table V-18 is flow reduction expressed

as percentage of the unimpaired rim station flow and the actual Vernalis flow,

pre- 1944.

SUMMARY

Reductions in runoff that have occurred in the San Joaquin River basin as

a result of development subsequent to 1947 are summarized in Table V-21.

Data presented in t-he table are derived from Table V-2 through V-17, which

present estimates of water losses for each of the 4-year classifications

computed for both the entire San J0aquin River basin and the upper San Joaquin

River basin. Reductions in flow are determined as the difference in "losses"

between the rim stations and Vernalis. Reductions attributable to the CVP are

identified as equivalent to the difference in losses occurring in the upper San

Joaquin River basin alone. For purposes of comparison, reductions are expressed

both in terms of volumne of runoff in the April-September and annual periods

and as percentages of the flow that actually occurred at Vernalis.

The principal conclusions reached from the study of water quantity effects

are as follows:

I. For the entire San Joaquin River basin, flows at Vernalis were reduced

by post-1947 development,

* Rounded to he<rest 10
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a. in dry years by amounts ranging from 300,000 to 500,000 acre-feet,

about 75 percent of which reduction occurred in the April-September

period,

b. in below normal years* by amounts exceeding I ,200,000 acre-feet,

about 85 percent of which reduction occurred in the April-September

period,

c. in above normal years by amounts exceeding 1,400,000 acre-feet,

all of which occurred in the April-September period, and

d. in wet years by amounts ranging from 1,100,000 to 2,900,000

acre-feet, about 60-85 percent of which occurred in the April-September

period.

2. For the upper San Joaql~in River basin, where the impact is attributable

to the CVP, flows at Vernalis were reduced by post-1947 development;

a. in dry years by 90,000 to 130,000"acre-feet, a relatively small

proportion of which (about 4 to 8 percent) occurred in the April-September

period,

b. in below normal years* by more than 500,000 acre-feet, of which

about three-quarters occurred during the April-September period,

c. in above normal years by 750,000 to I million acre-feet, about 60

percent of which occurred during the April-September period, and

d. in wet years by 750,000 to 2 million acre-feet, of which about

half occurred during the Apri!-September period.

3. The greatest impact of flow reductions at Vernalis occurred during the

April-September period of below normal and above normal years when from 14-24

Data are limited for these years. Refer to analysis below normal years on
page V-18.
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percent of the flow reduction at Vernalis (on a pre-1944 basis) was attributed

to development by the CVP in the upper San Joaquin basin. The impact in dry

years was small, less than 2 percent of the pre-1944 flow at Vernalis. In the

April-September period of wet years, reductions were in the range of ~0-~8

percent of the pre-1944 flow at Vernalis.
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Table V-21

SUMMARY OF REDUCTIONS IN RUNOFF OF SAN JOAQUIN RIVER AT VERNALIS FROM PRE-CVP TO POST-CVP

EFFECT OF ALL POST-CVP UPSTREAM            EFFECT OF CVP ON RUNOFF AT VERNALIS
DEVELOPMENT ON RUNOFF AT VERNALIS

YEAR TYPE & PERIOD              Reduction in      Post 1947 Redt|ction     Reduction       Reduction at      Reduction at
Runoff           as Percent of          in Runoff      VernaIis as      Vernalis as

KAF~              Pre-]944                KAF~            Percent of        Percent ofActual Runoff                         Pre-1944 Flow    Post-1947 Flow

DRY

April-Sept              206-.417             49-672             6- 7         ].4- 1.6           3.0- 3.6
Full Year               294- 5]9              25-44             93- ]38         8 - 12            ]0 - ]4

BELOW NORMAL

April-Sept              I064-]177               60-682            386- 428          22 - 242            55 - 6l
Full Year              1219       .              442           543                 - 20~           35

ABOVE NORMAL

April-Sept           1406-1732            47-57          440- 704        14- 23          40 -64
Full Year.              ]400-]721              28-34            768-]076         15- 2]            25 - 36

WET

April-Sept           1002-]760            19-32          554- 965        10- 18          ]5 - 26
Full Year              1168-2916              ]3-32            771-2014          9- 22            ]2 -

AVERAGE OF ALL YEARS~

April-Sept            920-]272            44-56          347- 526        ]2- 17          28 - 39
Full Year              1020-]594              28-39            544- 943         13- 19            2] - 29

Range of estimates by all methods of analysis. See Tables V-2 through V-17
Pre-CVP "actual" is assumed to be post-1947 actual plus pre-]944 to post-1947 loss
Assumes that each year class occupies one-quarter of period

.



CHA~TER VI

WATER QUALITY EFFECTS OF UPSTREAM DEVELOPMENT

INTRODUCTION

There are several complications in analyzing the water quality changes

due to upstream development. It is, therefore, necessary that the results

of the analysis acknowledge a range of impacts on Southern Delta water quality.

Par~ of the uncertainty in interpretation relates to insufficient and/or

unreliable data, and part to differences in approach to the analysis. Each

manner of investigation has an aspect of validity, but each must be weighed in

light of its assumptions and available data.

Two factors affect water quality, flow and salt load. Chapter V has

identified the changes in flow at Vernalis, and ~his chapter equates these

changes in flow with an amoumt of degradation at Ve’rnalis. This chapter also

examines historic salt loads and concentrations at Vernalis to determine changes

associated with develoment along the San Joaquin River and its tributaries.

Sections A, B, C, and D of this chapter contain the development and results of

several studies on different sets of data. Because of the length of the first

four sections and the amount of material contained therein, SecT_ions E and F

consolidate the results and define the impacts of ~pstream development. A more

detailed explanation of each section follows.

Section A of this chapter presents an analysis of the composition of the

salts reaching Vernalis and relates this to composition of salts originating

from idgntifiable sources, e.g., tributary streams, imported water and drainage

returns from irrigated lands. These chemical analyses are then used as "finger-
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prints" in an attempt to identify the principal sources and their relati~e

contributions to the total salts reaching Vernalis. Klso included in this

section are the results of salt balance computations using this data for a

single dry year, 1961.

Section B of this chapter addresses three questions pertaining to water

quality at Vernalis. First, has there been a change in salt load at Vernalis?

By comparing the TDS salt loads at Vernalis over the period of record, increas-

ing or decreasing trends in loading can be identified. Second, regardless of

any change in loading, has a change in TDS concentration occurred? A compar-

ison of the TDS concentrations is used to determine if any degradation has

taken place through the period of record. Third, has the source of salt

changed? Salt balance computations, utilizing data from identified sources,

are employed to judge whether in the years after 1950, the percent of Vernalis

salt load contributed by these sources has changed.’ Section B deals with

trends in the data in a qualitative rather than quantitative manner.

Section C of this chapter presents the record of quality degradation

in the San Joaquin River as it enters the Delta near Vernalis. Due to

limitations of the Vernalis data, two methods of estimating Vernalis quality

are developed and used to synthesize an a~tificial record for periods when n ~e

exists. By constructing the complete set of TDS concentrations, similar

hydrologic years before and after upstream development can be compared to

estimate water quality degradation.

Section D of this chapter is a discussion of the Tuolumne River gas wells

and their contribution to the quality problem. Because the Tuolumne River

contributes a significant amount of the salt load at Vernalis, and the gas
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wells are the source of much of the Tuolun%ne load, Section D deals with the

water quality of discharges from these wells.

Section E Of this chapter allows the reader who may not be interested

in the development of the individual studies, to forego reading Sections A, B,

C, and D. Section E summarizes, the results of the four preceeding sections and

analyzes the impact of upstream development on quality degradation at Vernalis.

Section F of this chapter is a s~mmary of quality impacts at Vernalis

resulting from CVP development.

Various methods of analysis utilizing different data sets are presented

in this chapter. D~e to the type and availability of data, one method of

analysis may not use the same chronological division of data as used by another

method. For purposes of water quality, generally the period prior tm 1950 is

i~i~~ considered indicative of conditions in the lower San Joaquin River before CVP

development. Each analysis refers to a period preceding a specific year or

succeeding a specific year. Although the specific year may vary from analysis

to-analysis, the implication is that prevalues refer, to that period used as a

base condition and postvalues refer to that period in which some change has

occurred to the lower San Joaquin River basin. Using this assumption, pre- and

_ postvalues calculated by one method can be compared to pre- and postvalues

computed by another method, regardless of actual period of record.

SECTION A. IDENTIFICATION OF SOURCES OF SALT BURDEN--CHEMICAL CHARACTERISTICS

Figure VI-I is a schematic representation of the San Joaquin Valley

System showing the location of stream gaging, water quality sampling

stations and principal drainage accretions.            ~.
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LEGEND: A Stream Gage, 0 Water Quality Station, ~ Drainage Accretion

(~) Tulloch ( , LaGronge ’ (~ ~) Exchequer (~ ~) Frianl

~ i k Ripon 1 Modesto
~ ( ) St. R. at mouth (      )Tuolumne City ~ ~) Slevinson

BAN ’ JOAQUIN

Mossdale Vernalis/ MazeRd
/

IDs ID2 ~’Slough 11
DELTA MENDOTA CANALDMC ~ ......................................

Head ~

Figure Vl-1    SAN JOAQUIN VALLEY SYSTEM                                             "

Stream gaging, tearer quality sampling stations and prlnclpal dralnage accretlo~s



Characteristics of High Sierra Streams

In order to provide a perspective of quality characteristics of

San Joaquin flows, it is necessary to identify the distinguishing chemical

properties of the principal sources of runoff. Table VI-I gives a represent-

ative analysis of the four major tributaries at locations corresponding

¯ approximately to the location of rim flow gaging stations.

The quality of these high Sierra streams is generally characterized

by low levels of total dissolved solids and of each of the principal

mineral constituents, low electrical conductivity and a slightly alkaline

pH. These waters are very soft, bicarbonate concentranions are relatively

high compared to other constituents and sulfates are virtually nil.

Carbonate does not occur at the pH of these waters. Chlorides are very

low. Traces of iron and fluoride are occasionally noted. Boron is found

in measurable concentrations (> 0. I mg/L) in only a few samples. Lron is

virtually absent. Distinguishing propertie~ of high Sierra waners are

the almost total lack of sulfates and noncarbonate hardness and extremely

low= boron concentrations.

Characteristics of Sierra Streams at Confluence with San Joaq~in Main Stem

Table VI-2 illustrates the quality of the east side tributaries, together with

the main stem of the San Joaquin near Mendota during the month of May 1961.

Lower in the drainage system the Sierra streams show increased concentrations

of most constituents, with relatively larger increases in Na+, K+, CI-

and SO; than of Ca++, Mg++ and HC0;. An exception is the Tuolumne River

which has packed up an unusually large accretion of saline water from gas

wells between Hickman and Modesto. In t!~is case, large increases in Na+,

K+ and CI- are noted, with corresponding changes in TDS, hardness, SAR
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TaSle V!-l. EEPKESENTATI’VE WATEK QUALITT OF HIGH SIEERA STREAMS*

San Merced Tuolumne S ~anislaus
Joaquin @ @ @

at Frian~ Exchequer La Grange Tulloch

i. Date 6 Sap 61 6 Sep 61 12 Sep 61 8 Sep 61

2. Mean discharEe (cfs) 146 143 2120

3. Silica i0 9.3 4.8 8.9

4. ~ron O. 0

5. Calcium 3 ¯ 6 12 2.5 5.6
6. MaEnesium i. 6 2.4 0.5 2.8

7. Sodium 5. & 3.2 i. 2 2.6

8. Potassium O. 7 0.7 0. & 0.3

9. Bicarbonate 24 48 12 35
~°

i0. Carbonate

ii. Sulfate 0.0 ¯ 3.0 0.2 0.0

12. Chloride 6.0 3 ¯ 2 - I. 2

14. Nitrate 0.4 0. 8 0.4 0.3

15. Boron 0.1 0.0 0.0 O. 0
16. TDS 40 59 16 39
17. Ca + ME hardness 16 40 8 26
18. Non-oath. " 0 1 0 0

19. SAR 0.6 0.2 0.2 0.2
20. EC, umhos/cm 59 95 22 63
21, pH 7,3 7.6 6.7 7.3

* mg/L except as no~ed
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Table Vl-2. EEPRESE~T~TIVE WATER QUALITY OF TKIBUTAKIES

AT CONFLUENC~ W~TH SAN JOAQUIN ~

San Joaquin Merced Tuolumne S~anislaus

Mendota Stevlnson Tuol..Ci~y mouth

i. Date & May 61 & May 61 9 May 61 & May 61

2. Mean discharEe (cfs) 71 235 12

3. Silica 17 26 41 34

4. Iron 0.i 0.02 0.04 0.01

5. Calcium 17 22 53 30

6. MaEnesium 9.0 7.1 16 12

7. Sodium 23 30 102 19
8. Potassium 0.9 2.0 8.0 " 2.1

i0. Carbonate 0 0

ii. Sulfate 27 15 !0 10

12. Chloride 26 20 207 9.0

13. Fluoride 0.2 0.i 0.0 0.I

14. Nitrate 0.9 3.4 3.1 0.6

15. Boron 0.2 0.I 0.0 0.i
16. TDS 162 191 512 207

17. Ca + ME hardness 80 84 198 126

18. Non-carb. " ii 0 77 0

19. SAR i.i 1.4 3.2 0.7

20. EC, ~mhos/cm 260 294 911 315

21. pH 7.5 7.8 7.8 7.7

* mK/~., exce’p’t, as no%ed
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"and EC. However, if these concentrated sources of salinity are eliminated

then the quality of the Tuolumne inflow would probably be little different from

uhose of the other major tributaries. Note, for example, that the concentration

of sulfate is virtually the same as for the Stanislaus and less than for either

the Merced or the San ’Joaquin at Mendota.

Westside Drainage Water ~uality

Drainage waters from the west side of the San Joaquin Valley are charac-

terized by generally high concentrations of total dissolved solids, dominated

by Na+, CI- and SO;. TDS levels commonly range from 800 to over 1,200 mg/L

and EC’s may exceed 2,000 umhos/cm in some waters. Some surface drainage is

of a quality similar to ground waters that have been used historically as

principal sources for irrigation. Surface s~reams are ephemeral, with few

exceptions, so there is a paucity of data on surface accretions from the

west side of the valley. However, a fair indication of west side water quality

is seen in observations of Salt Slough near Los Ba~os, some examples of

which are described in table VI-3. It is noted that ~hese waters are high

in boron and sulfates; noncarbonate hardness is more than 40 percent of

total hardness.

Quality Variations Alon~ the Main Stem

A general picture of the pattern of quality along the main stem of .

the San Joaquin, in relation to the quality of its principal tributaries, is

presented in figures VI-2 through VI-6.

Cation-Anion balance. Figure VI-2 shows the cation composition of

the river and ~ributaries during the period May 3-9, 1966, and figure Vl-3

shows the corresponding distribution of the principal ar~cnso
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Table VI-3. MATER QUALITY OF SAIT SLOUGH*

I. Dane 4 May 61 7 Sep 61 4 May 66

2. Mean discharge (cfs) 65 73 98

3. Silica 25 25

4. Iron 0.0

.5. Calcium 55 52 54
6. Magnesium 29 32 25

7. Sodium 145 157 123

8. Ponassium 4.8 5.0 4.5

9. Bicarbonane 150 174 152

i0. Carbonate 0 0 0

ii. Sulfane 135 129 123
12. Chloride 220 232 172
13. Fluoride 0.5

¯ 0.3

14. Nitrate 2.8 2.4. 3.4

15. 5oron 0.& 0.7 0.6

16. TDS 698 721 628

17. Ca~+ ME hardness 260 260 236

19. SAR 3.9 4.2 3.5

20. EC, ~nhos/cm 1210 1300 I060

21. pH 7.8 7.4 7.5

* mE/L excep= as no=ed

76

C--115232
C-115232



~ 10 Na++ K+ -
O

o ~ Na
~ Na K

Mg++

~

0                    I       I        I
0                                                   50                                   100

HILl S ABOVE VERNALI.S

CL

S S
V
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Figure VI- 3 CONCENTRATIONS OF PRINCIPAL ANIONS IN TIlE SAN JOAQUIN RIVER
AND ITS HAJOR TRIBUTARIES. PERIOD: 3-9 HAY 1966
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Due to the lack of data in t.he reach between Mendota (Mile 129 above

Vernalis) and Fremont Ford Bridge just downstream from the mouth of Salt

Slough, it is not clear how the pattern develops over the upper 70 miles or

so. Nevertheless, it is clear that the composition of San Joaquin River"

water at Fremont Ford Bridge (FF) corresponds closely to that of Salt

Slough. If principal cations and anions are expressed as percentages of the

sum of milliequivalents per liter, then the similarity of these waters

becomes even more evident, as can be seen in the following example:

San aoaquin River
@ Fremont Ford Salt Slough

5-5-66 5-4-66
~ - 175 ft3/s ~ - 98 ft3/s

Cations
(percent of total)

Ca++ 22,5 26,4
++ -

Mg 19,7. 20,2
+

Na                                         56 o 7              52 ¯ 2
+

K 1.1 1.2

1oo.o lOO.O

Anions
.(percent of total)

HCO~ 22 ¯ 2 25 ¯ 2

CO~ 0 0

C1 54, 9 49, 0

100.0 100.0

It should be noted that the additional drainage accretion ~o Fremont Ford is

about..77 ft3/s (175 minus 98), The chemical c~nposltion of salts in this

water must be very similar to that of Salt Slough since the chemical compo-

sition of the salts in the blended flows is so little different from that

measured in the slough,
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Referring once again to figures Vl-2 and VI-3, it is noted that down-

stream of Fremont Ford the pattern remains more or less steady until the

flow reaches the vicinity of the mouth of the Tuolu~ne. At this point an

influx of water of superior overall quality, although high in Na+, K+ and

C1 , accelerates a general decline in salt concentration. The proportion

-of Cl to total anions increases notably while the proportion of SO in

the San Joaquin (more or less constant in the Tuolumne) decreases. A

further striking improvement in San Joaquin quality is noted between Maze

Road and Vernalis with the addition of flow (157 ft3/s at Ripon) of very

high quality.

Sulfates. Table VI-4 summarizes the principal anion composition of

the San Joaquin System for the dry year 1960-61. Data shown represent

averages of all observations over the year for all USGS stations at which

samples were collected.

As noted previously, a distinctive difference in the quality of east side

streams and t_he quality of the main stem below Mendota is the concentration

of sulfate ion, SO~. East side streams, with the exception of the Tuolumne

below the gas wells, contain very little sulfate while the main stem and the

principal west side tributary, Salt Slough, are very rich in this anion. The

pattern along the river, shown in figure VI-4, highlights these differences,

showing clearly that for this period, at least (when flows were generally

very low) the river water quality, ih terms of chemical composition of salts,

was similar to drainage from the west side. Some lowering of SO;

concentrations appears to occur below Newman, possibly due to return flows from

the irrigated areas on the eastern side of the vallmy. However, sulfates are

sustained at high levels along mmst of the river from Fremont Ford to Vernalis.
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Table Vl-4. CONCENTRATIONS OF PKINCIPAL ANIONS,

SAN JOAQUIN RIVER SYSTEM, 1960-61

Station .. No. of Principal Anions, mg~L

USGS No. Location Obs. ~ HCO; SO; C1- Z S04~

2510 SJR below’Friant 12 22.3 0.5 5.1 1.8
1540 SJK nr Mendota 13 97.7 36.3 98.0 15.7
2580 Fresno R. 8 51.5 0.0 28.4 0.0
2590 Chowchilla R. 7 102.0 3.0 64.4 2.0
2603 Bear Cr. 11 139.4 6.0 5.7 6.9

2610 Salt Slough 12 201.3 242.5 280.5 33.1
2615 SJR, Fremont Fd.. 15 208.9 233.8 345.3 31.4
2700 Merced @ Exch. 12 50.1 2.5 4.2 6.7
2725 Merced @ Stev. ii 145.5 13.5 22.1 7.7
2740 SJR nr Newman 13 221.6 252.0 318.4 32.0

2747 SJR nr Grayson 12 229.2 159.3 244.7 26.4
2880 Tuol @ LaGrange ii 14.1 0,6 i.I 4.5
2898 Tuol nr Hickman Ii 83.9 2.8 81.1 1.2
2902 Tuol nr Tuol City Ii 130.4 9.4 204.0 2.4
2905 SIR @ Haze Rd 12 178.7 87.7 241.6 16.3

Z999.98 S~an @ Tulloch 12 35.0 1.0 1.0 1.4
3034 S~an nr mouth 10 151.5 10.0 9.1 5.0
3035 SIR nr Vernalis 39 151.0 81.0 176.0 19.9
3042 SIR nr Mossdale 13 163.2 65.3 192.3 14.0
3048 SJR, Garwood Br. 12 144.6 45.0 145.6 13.1

3127 Old R. nr Tracy 12. 167.4 86.5 198.6 17.9
3129.9 DMC above PP i0 101.6 23.5 I00.6 12.8
3130.1 DMC below PP 28 94.0 39.0 89.0 17..6
3130.5 DMC nr Mendo~a 13 110.5 36.0 110.6 15.6
3132 Grantl±ne Canal 12~ 149.1 65.5 182.2 15.0
3132.5 Old R. @ C1.C~. 12 103.5 21.0 103.9 12.3

Correspond~ to maximum, usually for ~CO~ and Cl-; SO~ analyses were made less
frequently
Percentage based only on samples analyzed for all three anions, since SO~
analyses were made less frequently
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A similar pattern is seen for a set of data taken during the period May 3-9,

1966, although in this case the sulfate concentration of the Tuolumune River at

Tuolumne City was very much lower than for 1960-61, a fact that probably

accounts for the sharp drop in SO~ between Grayson and Maze R~ads.

Noncarbonate hardness. Noncarbonate hardness, a measure of hardness

attributed to the chloride and sulfate compounds with calcium and magnesium,

also reveals a distinctive difference between east side streams and the main

stem plus Salt Slough. This is illustrated in the data of table Vl-5 and

figure Vl-5. Once again the main stem quality, in terms of chemical composi-

tion of salts, is closely identified with drainage returns from the west side,

i.e., Salt Slough, while th~ east side s~reams are virtually devoid of NCH (the

exception being the lower reach of ~he Tuolumne where the gas wells add calcium

and magnesium sulfate). Even the DMC carries a relatively high NCH, a condi-

tion that is also reflected in the quality of water in the San Joaquin River

near Mendota since the DMC is the principal source’of water in the main stem at

this location.

Boron. Boron concentrations in east side streams are generally very

low, while this is a common constituent of west side waters and also of the

main stem during periods of low runoff. Data on boron concentrations for

1960-61 are summarized in ~able VI-6 and figure VI-6.

In these examples, boron concentrations are noted to vary widely

with location along the main stem, but at all locations the concentrations

are substantially greater than for any of the east side streams. Even the

DMC delivers water with more than double the boron concentrations of the

highest east side source (Tuolumne River). Maximum boron concentrations in

the east side streams are no greater than the least values recorded for the

main stem from Fremont Ford to Vernalis.
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Table Vl- 5. TOTAL AND NONCARBONATE HARDNESS

SAN JOAQUIN RIVER SYST~M,~I960-61

S~a~ion No. of Hardness as CaC03, mg/L

USGS No. Location Obs. Ca + Mg N~C Z @ NHC

2510 S JR below Frian~ 12 17.0 0.5 2.9
2540 S JR nr Mendoca 13 128.1 &7.9 37.4
2580 Fresno R. 8 43.8 &.3 9.8
2590 Chowchilla R. 7 I01.8 18.3 18.0
2603 Bear Cr. ii 112.2 i. 6 i. &

2610 Sal~ Slough 12 332.9 167.8 50.4
2615 S JR, Fremont Fd. 15 366.3 19&. 3 55.0
2700 Merced @ Exch. 12 44.4 3.8 8.5
2725 Merced @ S~ev. ii 93.6 0.0 0.0
2740 S JR nr Newman 13 370.8 188.6 50.9

2747 S JR nr Grayson 12 327.2 ¯ 135.5 41.4
2880 Tuol @ LaGran~e ii I0.9 0.5 4.8
2898 Tuol nr Hickman ii 94.2 25.5 27.1
2902 Tuol nr Tuol CiEy ii 173.9 66.5 38.2
2905 S JR @ Maze Rd 12 265.9 118.2 44.5

2999.98 S~an @ Tul!och 12 28.2 0.9 3.2
3034 S~an nr mouth 10 110.9 0.0 0.0
3035 S JR nr Vernalls 39 210.0 88.0 41.9
3042 S JR nr Mossdale 13 229.4 95.1 41.5
3048 SJR, Garwood Br. 12 178..i 60.2 33.8

3127 01d R. nr Tracy 12 247.5 110.3 44.6
5129.9 DMC above PP 10 131.8 48.3 36.6
3130.1 DMC below PP 28 115.0 38.0 35.0
3130.5 DMC nr Mendo~a 13 143.8 52.7 36.6
3132 Gran~llne Canal 12 206.8 84.3 40.8
3132.5 O14 E. @ C1.C~. 12 132.2 55.8 42.2
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Table Vi-j6.    BORON CONCENTRATION, SAN JOAQU~ EiVEE SYSTLM

S:a:ion No. of Boron Concen~ra=ion, m8~

USGS No. Lo¢aClon Obs. Min. Max.      Mean Median

2510 SJR below Frlan~ 12 0.0 0.i 0.03 0.0
2540 SJR =r Mendoca 13 0.0 0.6 0.23 0.2
2580 Fresno R. 8 0.0 0.2 0.05 0.0
2590 Chowchil!a R. 7 0.0 0.I 0.04 0.0
2603 Bear Cr. ii 0.0 0.i 0.02 0.0

2610 Sal~ Slou~h 12 0.3 2.2 1.00 0.75
2615 S JR, Fremont .Fd. 15 0.A 1,8 0.83 0.70
2700 Me~ced @ Exch. 12 0.0 0.i 0.03 0.0
2725 Merced @ S~ev. ii 0.0 0.i 0.03 0.0
2740 SJK nr Newman 13 0.4 1.9 0.92 0.8

2747 SJ~ nr Grayson 12 0~3 : l.l 0.63 0.6
2880 Tuol @ LaGrange ll 0.0 0.1 0.04 0.0
2898 Tuol nr Hlckman ii 0.0 0.! 0.05 0.0
2902 Tuo! nr Tuol City Ii 0.0 0.2 0.!i 0.~
2905 SJK @ M~ze Rd 12 0.2 0.6 0.42 0.4

2999.98 Sea= @ Tulloch 12 0.0 0.i 0.02 0.0
3034 S~a= nr mou=h i0 0.0 0.i 0.04 0.0
3035 S JR ur Vernalis 39 0.2 0.7 0.44 0.&
3042 SJR nr Mossdale 13 0.0 0.5 0.28 0.3
3048 SJR, Gar~ood Br. 12 0.0 0.5 0.26 0.3

3127 Old R. nr Tracy 12 0.0 0.7 0.39 0.4
3129.9 DMC mbove PP 10 0.i 0.6 0.21 0.I
31~0.I DMC melow PP 28 0.i 0.8 0.22 0.i
3130.5 DMC ur Mendo=a 13 0.i 0.6 0.22 0.I
3132 Gran=!±ne Canal 12 0.0 0.5 0.27 0.4
3132.5 Old E. @ CI.C~. 12 0.0 0.5 0.14 0.i
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Summary° These ~a~a were developed to facilitate identification of

the locations and relative strengths of the major contributions to the ~It

burden carried by the San Joaquin River from the vicinity of the Mendota Pool

to Vernalis.

In general, the da~a on quality constituents show the following:

1o There are distinctive differences between the qualities of east

side streams and the quality of water carried by the San Joaquin

River along its main s~em. East side st.Teams are generally of high

quality from source to mouth (an exception being the lower reaches

of the Tuolumne River). They are lower in TDS, lower in boron and

uniquely deficient in sulfate and noncarbonate hardness compared to

the San Joaquin River into which ~hey discharge.

2. In the 1960 ’s there is comparatively little difference between the

quality and chemical composition of salts in drainage returns from the

west side of the valley and the quality of" water carried in the San

Joaquin River from Mendota to Vernaliso West side drainage is high in

TDS, chlorides, sodium, sulfate, noncarbonate hardness and boron, all

of these properties being identified with soils of the area.

3. The quality of water and chemical composition of salts in the San

Joaquin from Mendota to Vernalis is similar to the quality of west

side accretions to ~he river. The effect of the flo~ from east side

tributaries has been largely one of dilution of increased sal~ loads

carried by the river.

4. The lower Tuolumne River received substantial accretions of salt

~ (primarily in the form of sodium chloride) during the period

studied as a result of drainage from abandoned gas wells. However,
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even in 1961, the average annual quality of ~he Tuolumne at its

mouth near Tuolumne City was superior to ~hat in the main stem of

~he San Joaquin above the confluence of the two rivers (Note:

Recently, an attemp~ ~o reduce the salt load of the Tuolumne River

was initiated by sealing of the wells, although .the effectiveness

of this control measure has not yet been assessed quantitatively. )

While the properties of the salts carried by the San Joaquin River

during periods of low flow appear ~o be dominated by west side accretions,

to a degree that ~hey are hardly indistinguishable, it is not possible on

the basis of quality alone ~o determine the relative contribution of the

several sources without considering the flow itself. This leads ~o the

second phase of the quality problem--salt load--the product of flow times

concentration.

SECTION B. SALT BALANCE OBSERVATIONS AT ~RNALIS

The water quality at Vernalis may be affected by a change in salt load.

Generally, an increase in load can be expected ~o cause quality degradation.

(The exception would be an increase in load accompanied by an increase in

flow. ) An increase in load can be the result of importation of salts, either

applied to the soil in the form of fertilizers, soil conditioners, etc., or as

in ~he case of the DMC, with water diverted from the Delta. These sal~s along

wit~ those occurring naturally in the soil are carried in return flows to the

San Joaquin River and may increase t.he total yearly salt load at Vernalis.

A second means of changing the salt load is t~rough a shift of load with

time. L~ such a case, t.he salt burden may be temporarily detained in ~he basin

during one period but released subsequently wi~h return flow. ~his mechanism
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may not change the total annual salt load, merely redistribute it with respec~

to time, or delay its occurrence at the lower limit of the basin.

This section attempts to determine if additional salts have been

introduced into the system, if a change in salt load pattern has occurred,

or both.

Historical Trends of Salt Load at Vernalis

~n figures VI-7 t~rough VI-10 are presented the monthly average salt

loads (tons per month) actually occurring at Vernalis during several decades

since the 1940’s* plotted as functions of the unimpaired ("rimflow") runoff

at Vernalis (1,000’s acre-feet) for each of four different months--October,

January, April and July. Regression lines of a power funt_ion form

TDS - Constant (KAF) n

where

TDS - tons per month

KAF - unimpaired Vernalis runoff, ~, 000 acre-feet

n = exponent

that best fit the data are also shown.

In ~enerai, the data tend to indicate that the ~alt load has increased

t~rough the decades. It is noted that the lines represent "best fits" for

a decade of data (up to 10 data points) and, hence, in some cases the corre-

lations are not very strong, 0.5 or less. The ~urves do not necessarily

describe the cause-effect relationship between salt load at Vernalis and the

unimpaired runoff. Apparently, in those cases where correlations are Poor

* Data were not considered sufficient to permit computation of monthly
averages for the 1930’ So
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other mechanisms than those assumed are needed to explain the observed increases

in salt load that have occurred at Vernalis over the period since the 1940 ’s.

Historical Trends in Salt ConCentration at Vernalis ~

The Water and Power Resources Service has established a continuous

EC recorder at the Vernalis stream gage and records are available, with some

minor gaps, almost continuously for the period since September 1952. These are

generally in the form of ~C measurements from recorders, averaged over the

daily cycle and converted to TDS and chlorides by conversion equations period-

ically updated by comparison of EC measurements with laboratory determinations

of TDS and C1 ¯ The most recent equations employed by the Water and Power

Resources Service for Vernalis are:

TDS ,- 0.62 EC + 18.0 (1)

o < EC < 2000

C1 - 0.15 EC 5.0 (2a)

0 < EC < 500

-- CI- - 0.202 EC - 31.0 (2b)

500 < EC < 2000

By relating TDS to CI- for constant EC, there result the following relation-

ships between these two quality constituents:

TDS - 3.07 (CI-) + 113 (3)

70 < CI-

TDS - 4,13 (CI’) + 38.7 (4)

0 < CI- < 70

Using the above equations, and what chloride data are available for the

1930’s and 1940’s, figlLres VI-11, V~-12, V~-13, and V~-14 were developed.

Also shown in these figures are the actual TDS data for the 1950’s and 1960’s.
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Generally, during periods of lower flows, the 1950’s and 1960’s have a higher

TDS value. These concentration versus flow curves are also of the power

function form.

Salt (Chloride)Balances by River Reaches

Like the station at Vernalis, most water quality stations along the San

Joaquin River and its tributaries provided only spotty information prior to

1952. Of the data available for earlier years, the record of chloride concen-

t_ration is the most complete for the greatest number stations. Therefore,

these data were used to develop relationships of chloride load versus flow at

various water quality stations.

Curves were plotted of total monthly flow at the station versus total

monthly chloride load. Preliminary work indicated that seasonal similarities

in the data existed, and to simplify the task of verifying data for all months,

only October, January, April, and July curves were formulated. Because of the

shortage of data prior to 1952, all years ~rior to" 1950 were considered as

pre-CVP. Since the Delta-Mendota Canal did not go into operation until after

1950, no major source of imported salt existed to influence the analysis. For

Vernalis one additional da~a point was included to insure that the curves did

not exceed known limits. This additional point represented an extreme low flow

condition for the San Joaquin River at Vernalis, when the TDS would likely

correspond to drainage return flows. For this analysis a flow of 0.5 KAF and a

TDS of 1,000 mg/L were assumed. Thus, when used as predictors the curves would

not produce estimates of TDS higher than about I ,000 rag/L, the maximum observed

dttring the 1977 drought.

Figures V~-15 and VI-16 are examples of chloride load versus flow curves

for t_he ~month of July on the Tuolumne River at Tuolumne City. The actual data
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points used to define the curves are shown on He figures,    iditional curves

are in appendix 2. Table VI-7 summa zes the characteristics of regr.ession

curves of chloride load versus flow for each month of both the pre-1950 and

post-1949 periods of analysis for the s~ation at Vernalis.

Using the chloride load-flow curves thus developed, it is possible to

perform a salt balance for any given flow at Vernalis.

Salt (Chloride) Balances by Representative Months

Chloride balances (concentration x flow x 1.36), expressed as tons per

month, were calculated for the months of October, January, April, and July for a

series of river reaches from above Newman to Vernalis. A typical summary of

the calculation is presented in figure VI-17 where da~a are presented for both

pre-1950 and post-1949 project periods. The principal tributary streams and

statio! along the main stem are identified between Newman and Vernalis.

"Other" in the figure refers to accretions or sub~ractions occurring between

stations at which both flow and chloride ~-ta were" sufficient to make the salt

balance calculation. Additional calculations are found in appendix 3.

-- In order to illus~rate the changes in salt burden by year type, the

data have been grouped, as in the case of water balance calculations, by

reference to the Vernalis "unimpaired" flow. Average values of unimpaired

flows at Vernalis by year type were calculated. Estimated actual flows at

Verna!is were calculated using the average of act~l Vernalis flows for a

particular Period and year type.

As a means of checking the appropriateness of results based on the average

of actual flows, and only four representative months, each year of record was

evaluated for all months using regression curves and actual flows at Vernalis.

An average "actual" load was then calculated for each year type and perlca.

Results for comparison are in table VI-8.
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TABLE V~ - 7
CHLORIDE LOAD VS. FLOW COEFFICIF/~TS AT VERNALIS

19 3O - 1950

# OF
MONTH C1 C2 PAIRS* R

OCTOBER .3416451758E+03 .7238303788 7 .993

NOVEMBER .33930449£7E+03 .6880766404 6 .987

DECEMBER .3639052910E+03 .6787756342 7 .972

jANUARY .3928349175E+03 .6231583178 i0 .965

FEBRUARY .5368474514E+03 .5675747831 9 .914

MARCH .4968879101E+03 .6035477710 I0 .951

APRIL .3866605718E+03 .5624873484 9 .942

MAY .3805863844E+03 .5399998219 9 .920

JUNE .6355065225E+03 .5175446121 9 .849

JULY .6038658134E+03 .6219848451 8 .900

AUGUST .3874538954E+03 .7410226741 8 .991

SEPTEMBER .3500905302E+03 .7524035817 8 .989

* # OF PAIRS DOES NOT INCLUDE RESTRICTION POINT (.5,200)

y = CI*(x) C2
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Table V~-8
UNIMPAIRED FLOW OF THE SAN JOAQUIN RIVER

AT VERNALIS

Average Vernalis unimpaired flow

October Januar~ April Jul~

Dry year 39.7 110.5 601.4 101.4

Below normal 49.3 167,3 794.9 224.9

Above normal 42,4 352.5 I055,7 425. I

Wet year 29.8 695.7 1169.0 921,0

Estimated actual Vernalis flow

Pre-¥ears*

Dry year 110 150 86 46

Below normal 101 119 113 64

Above normal 98 279 805 235

Wet year 107 410 1175 730

Post~ears**

Dry year 120 133 44 18

Below normal 104 202 150 46

Above normal 65 263 264 72

Wet year 87 714 1000 300

* 1930-1949

** 1950-1969
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The salt load estimated for Vernalis by month and year classification

is summarized in table VI-9. In this summary, the salt load varies with time

and year classification. Salt loads tended, of course, to be sensitive both to

runoff and concentration. In the pre-1950 period, for example, the greater

loads occurred in the wetter years, and generally in the month of July.

In the post-1949 period, salt loads are estimated to be generally higher

in all months except July. The average annual salt burden at Vernalis appears

to have remained unchanged in wet years and increased by 35 percent in below

normal years. The total average annual load in dry years has increased by

about 18 percent. In the April-September period, salt loads were unchanged

from pre to post dry years; increased in below normal years; decreased in

above normal years and decreased slightly in wet years. This can probably be

explained by lower flows and loads in the su=~ner mmnths. These estimates are

based on "actual loads" as identified in table VI-9.                                      ~ ....

Salt Balances for a Dr~ Year

Additional insight to salt balance estimation is provided by an evaluation

of the salt load distribution along the San Joaquin River for the dry year

1961, as iilus~rated by figures VI-18 through VI-21.

In figure VI-18 is shown a schematic representation of the average amounts

(thousand tons per year) of chlorides delivered over the year by each of the

several discrete sources, previously identified in figure VI-I, "The San

Joaquin Valley System." The figure shows the dominance of the salt load at

Vernalis by the principal drainage accretions in the upper San Joaquin River.

It also shows, in the case of this particular constituent,* the important

contribution of the Tuolumne gas wells. According to this analysis of the load

The principal salt emitted by the gas wells is sodium chloride.
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TABLE ~-9.     CBLORIDE SALT LOAD AT VERNALIS (TONS)

Dry years                                 Below normal years
Average flow*        Actual load**           Average flow*        Actual load**
Pre        Post       Pre         Post        Pre        Post       Pre       Post

0¢=      10,260       14,290      10,191       12,703       9,650       12,920      9,631       12,663

Jan     8,920     10,420     8,784     10,284     7,720     12,730    7,650     12,320

Apt        4,740         6,030       4,496         5,754        5,520        11,080      5,502        10,329

Jul        6,530         4,540       6,254         4,434        8,020         7,700      7,877         7,500

Apt-
Sept    33,810     31,710      33,580       33,106     40,620      56,340    46,482       54,595

Year 91,350 105,840      88,712     104,428     92,730     133,290 98,701     133,617

Above Normal Years                                  Wet Years
Average Plow*        Actual load**          Average Plow*        Actual load**
Pre       Post       Pre        Pos~         Pre       Post        Pre     Post

Oct 9,440 9,280 9,238 9,051 I0,0~0 11,400 10,051 11,291

Jan 13,130 14,450 12,926 12,611 16,690 23,320 16,666 21,689

Apt 16,660 14,670 16,434 13,934 20,620 28,410 20,569 27,638

Jul 18,020 9,910 17,&98 9,766 36,470 22,130 36,236 21,378

Apr-
Sept 104,040 73,740 90,217 71,332 171,270 151,620 136,420 127,626

Year 171,750 144,930 177,146 181,840 251,520 255,780 258,249 258,216

* Load based on regression of average flo____~wfor month.

** Load based on average of loads from regression of all flows for month.

NOTEz "Pre" refers to years 1930-19~9
"Post" refers to years 1950-1969
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of chlorides that reaches Vernalis, about 60 percen~ of the load originates

above the mouth of the Merced River, 30 percent with the gas wells and 10

percent from other sources, including the ~wo east side tributaries and local

drainage between Newman and Vernalis. About 30 percent of .the total originates

upstream of Fremont Ford (Salt Slough plus sources upstream to Mendota) and 30

percent enters in the comparatively short reach between Fremont Ford and Newman

(less than I0 miles).

Figures VI-19 through VI-21 give a somewhat clearer picture of the relative

contribution of the other drainage sources, exclusive of the unique influence

of the Tuolumne gas wells. Since the wells are low in sulfate and the principal

irrigated lands on the west side of the valley are high in this constituent,

the sulfate balance, depicted in figure VI-19 identifies a very large contrl-

bution from the drainage above the mouth of the Merced River. Very little

s fate is con=ib=ed eithe  ea,t ,i e  =eam, or gas  lls.
~n this particular example, it appears t/tat ~here is even a net export of

.sulfate to irrigated lands below Newman, not an unlikely occurrence in a dry

year of max-irrigation water use and reuse. According to these analyses, about

57 percent of the sulfate load of the upper San Joaquin River (that apparently

accounts for virtually all that arrives at Vernalis) originates between Fremont

Ford and Newman, and about 30 percent comes from Salt Slough.

A very similar picture is presented by figure VI-20, for moncarbenate

hardness (the equivalent of hardness originating from such salts as calcium and

magnesium sulfate). It is noted in this case, however, that the gas wells do

contribute about 20 percent of the ~al to Vernalis, while 71 percent origi-

nates in the upper San Joaquin River. The east side st.reams have virtually

no    noncarbonate hardness.
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Finally, a boron balance is shown in figure Vl-21 (note that values

are in tons per year, not thousand tons, as in the previous examples). Again,

although some boron is found in most waters tributary to the valley floor, the

dominant sources are in the upper San Joaquin River basin about 69 percent of

that which eventually passes Vernalis. In this case, local drainage between

Newman and Vernalis contributes about 22 percent of the total.

It should be noted that for reference purposes, since it is a part of

the valley system, the Delta-Mendota Canal’s contribution is indicated in the

figures. The imported salt load to the San Joaq%Lin Valley is noted to range

from 147 to 173 percent of that leaving at Vernalis for this dry year, 1961.

Summary of Salt Balance Calculations

Salt balances have been performed for two purposes: (I) to identify

trends in load that have occurred with time, e.g., between the pre-1944 and

post-1947 periods, and (2) to determine the relative contribution of the various ....

sources of salt, including the contribution of the "Tuolumne gas wells.

The salt load at Vernalis has changed between the pre-1944 and post-1947

periods, the amount varying with the year classification. Based on chloride

data that e~end back to the 30’s, it appears that loads in the dry years

increased 18 percent and below normal year loads increased 35 percent. Little

or no load change is apparent in above normal and wet years. In the dry and

below normal years the biggest increase in load occurred in April when spring

runoff is probably flushing the basin of some accumulated salts. Consistent

with ~his observation, loads in July have also decreased in dry and below

normal years apparently due to a reduction in runoff. In general it appears

that in drier years, salts are accumulated in the basin during low flow summer

and early fall months and then released during the high flow winter and spring
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months. Because a net increase in load has occurred, it seems likely that

sources of salt are adding to the annual burden at Vernalis in dry and below

normal years. Without reference to year classification, and comparing the

1950’s and 1960’s to the average of the 1930-49 period, it is noted further

that the greater proportion of the post-1949 increase seems to have occurred in

the more recent decade, i.e., the trend toward an increased salt burden is

itself increasing, despite an apparent continuing decline in the to~al runoff

at Vernalis.

A summary comparison of relative increase in salt burden at Vernalis by

year classification is presented in table VI-10.

The relative contributions of various sources to the salt load at Vernalis

were determined by performing water balances and mass balances for selected

sections of the San Joaquin River system. Depending om the constituent selected

and the particular hydrology used, the relative contribution of each source to

the load at Vernalis can be expected to vary somewhat. For the dry year 1960-61

a breakdown in the Percen~ge contribution from the various sources in the San

Joaquin system is as shown in table VI-I I.

Some highlights of this 1961 salt balance analysis are as follows:

About one-half of the salt load carried in the San Joaquin River

at Newman originates in the reach between Mendo~a and Newman.

(Based on chloride balance. )

2. About 20 Percent of the salt load that passes Newman is contributed

between Mendo~a and Salt Slough.

3. Salt Slough is a major contributor to salt load accounting for one-

third to one-half of the load at Newman.

4. The salt load that enters the San Joaquin River above Newman is

equivalent to 60 to 100 percent of that observed at Vernalis.
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Table VI-I 0
PERCENTAGE CHANGE IN SALT LOAD (CHLORIDES)

AT VERNAL~S BETWEEN PRE-1950 AND POST-1949 AS A
FUNCTION OF TIME OF YEAR AND YEAR CLASSIFICATION

Year PERCENT CHANGE*
Class M O N T H

October January April     July     Year

Dry 25 17 28 -29 18

Below normal 31 61 88 -5 35

Above normal -2 -2 -15 -44 3

Wet 12 30 34 -41 0

( (Salt load post-1949/salt load pre-1949}-1 ) x I00,
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TABLE VZ-II. PERCEN~GE CONTEIBUTZON OF SOURCES
TO SALT LOAD ESTIMATES AT VERNALIS

Source Percent of Total at Vernalls

C1 SO. NC B

Mendota to Salt Slough 12.3 12.2 13.0 4.5

Salt Slough 16.2 30.5 19.4 22.8

Merced River 2.0 2.2 0 I.i

Drainage:
Fremont Ford Co Newman 29.5 58.3 38.4 40.7

San Joaquln at Newman 60.0 103.2 70.8 69.2

Tuolumne River above
gas wells 1.0 1.9 0 4.6

Tuolumne River
Gas Wells 29.5 1.0 20.5 2.3

Tuolumne River 30.5 2.9 20.5 6.9

Draluage:
Newman to Vernalis 7.5 -8.4 8.7 22,4

Stanislaus River 2.0 2.3 0 1.5

San Joaquln River
ac Vernalis i00.0 I00.0 i00.0 I00.0

* C1 - chlorides; SO4 - sulfates; NC - noncarbonate hardness; B - boron
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5. Of the chloride salt load carried by the river at Vernalis, less

than 6 percent was contributed by the three major tributaries--the

Merced, t_he Tuolunune (excluding the gas wells) and the Stanislaus.

6. The Tuol~mne gas wells contributed chloride salt load equal to about

30 percent of the to~al at Vernalis, but only about I percent of

the sulfates.

7. The s~ifates entering the system above Newman e~ceeded the total

load at Vernalis, i.e., the area above Newman accounted for virtually

all of the downstream sulfate load.

SECTXON C. WATER QUALITY CHANGES AT VERNALIS

This section deals with the effects any changes in flow or load may

have had on Vernalis water quality. Due to the sparse data available prior to

1953, two different methods were developed to predict the quality in the years ¯

prior to 1953. The first of these methods utilizes a very complete record of

chloride values taken at Mossdale, to predict the pre-1953 TDS at Vernalis.

The second method utilizes the flow versus load equations developed for salt

balance computations and the relationship between chlorides and TDS at Vernalis

to estimate TDS for the pre-1950 and post-1949 periods based on Vernalis flow.

Results of both methods are discussed and where results are substantially

different comparisons are made.

Estimation based on Mossdale Data

Because of the sparse data prior to 1953, one means of determining the

Vernalis quality was developed based on chloride observations at Mossdale on

the San Joaquin River approximately 16 river miles downstream of Vernalis.

These observations, made as a part of the Department of Water Resources’

extensive 4-day sampling program, cover a period from June 1929 through March
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1971, overlapping for about 17 full years the Service monitoring of ~C at

Vernalis. The data developed in the DWRprogram, however, represent grab

samples collected a 4-day intervals (about 8 times per month in most months)

at or near conditions of slack water (approximately 1.5 hours after nigh tide).

Thus, they tend to reflect the highest levels of chloride ~.~t would likely be

observed as a result of tidal action at the Mossdale station.

Significant reversals in tide occur at Mossdale where the tidal range

is normally about 2.5 to 3 feet. The Vernalis gage, on the other hand, is

above tidal influence at most levels of riverflow.

The special value of the Mossdale data which are summarized in table

VI-12, is that they cover periods both before and after the construction of the

CVP and therefore can be used to predict changes that have occurred from 1930

through 1967, the period selected for the present study of CVP impac s on water

quality in the San Joaquln River system.

However, because the station at Vernalis is about 16 miles upstream

of Mossdale, it is necessary to demonstrate that there is a relationsh£p

between observations taken at the two locations. This is accomplished by

correlation of the mean monthly TDS at Vernalis (table V~-13) with the mean

monthly slack water chloride values (8 grab samples) at Mossdale (table V~-12),

as shown in figure VI-22. Data shown are for the period April through september,

as defined for use in this investigation, and cover the period 1953 through

1970, except for a few months for which no data existed.

As may be clearly seen from the array of data in figure V~-22, the corre-

lation between TDS (Vernalis) and chlorides (Mossdale) is strong. Th. s is not

unexpected due to the proximity of the two stations and the apparent lack of

intervening processes that could lead to a disproportionate balance between
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TABLE Vl-13.     HEAN{MONTHLY TOTAL DISSOLVED SOLIDS AT VERNALIS *

Year 0 N D J     , F M A M J J A S

1953 124 201 400 463 207 128 300 425 373

53-54 317 334 342 365 328 220 124 136 443 539 540 515

54-55 378 354 285 223 254 341 474 388 264 449 464 476

55-56 439 403 302 NR NR 214 148 69 81 279 295 318

56-57 312 295 254 381 464 330 417 331 203 455 479 451

57-58 316 271 282 346 249 202 149 97 89 289 417 315

53-59 280 198 258 366 331 428 546 538 589 634 620 557

59-60 502 446 428 461 482 654 585 582 673 710 640 682

60-61 520 460 402 447 591 715 846 715 794 936 941 807

61-62 805 661 690 713 440 238 325 237 183 516 565 496

62-63 ~15 370 267 413 145 395 IO8 93 125 369 477 405’

63-64 287 238 201 301 458 578 562 564 571 756 774 615

64-65 472 340 281 163 189 247 150 194 169 422 494 401

65-66 258 243 243 332 346 NR NR 598 662 729 727 698
66-67 485 469 260 402 222 264 123 104 86 162 365 354

67-68 299 222 240 367 401 325 486 576 659 665 599 568

68-69 458 481 329 198 129 146 I18 86 84 221 363 249

*Average of continuous EC recording converted to TDS by relationships of the form TDS = CI x EC + C2
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chlorides and total salts over the historic period considered. The relation-

ship between these quality constituents is given best by the equation:

TDS - 10 (C1-)0"77 (5)

where

TDS - total dissolved solids, mg/L

CI- - chlorides, mg/L

With the aid of ~his equation, it is now possible to relate the 4-day

chloride data at Mossdale with the corresponding values of TDS at Vernalis

and vice versa, recognizing of course that the chloride values are for average

high tide, slack water conditions, while the TDS values are averages over the

24-hour daily period.

Historical Chan@es in TDS at Vernalis

The pattern of TDS change that has occurred at Vernalis is illustrated

in figure VI-23 which shows in the lower section the chlorides history actually

observed at Mossdale and in the upper section the parallel pattern of TDS at

Vernalis estimated by means of Equation 5. To supplement the information on

TDS at Vernalis provided in table VI-13, the earlier record of TDS based on ~%e

Mossdale experience and the predictor Equation 5 is summarized in table VI-14

covering the hydrologic years 1930 through December 1953o Together, tables

vI-13 and VI-14 provide a continuous record of water quality experience at

Vernalis from 1930 through 1969o

This water quality experience can be summarized in several ways.

Graphical summary. The graphical history of water quality at Vernalis

is illustrated by average monthly TDS in figure VI-23, which shows the long term

as well as the seasonal variability. The long-term changes are depicted by the

5-year moving average line presented in the plot of monthly TDS’s at Vernalis.

The short-term seasonal variations are evident in the month-by-month fluctuations.
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¯ Table-VI-14. MEAN MONTHLY TOTAL DISSOLVED SOLIDS AT VERNALIS*, mg/llter

Based on TDS (Vernalls~. Chloride (Hossdale) Correlation
for period 1953-1970

Year O N D J F H A M .I J A S

1929-30 237 275 303 234 266 255 194 191 171 266 258 228

30-31 249 272 234 266 263 409 383 333 328 347 320 292

31-32 292 331 266 I00 59 151 93 68 59 137 ¯ 357 292

32-33 243 194 228 216 194 317 381 317 97 278 352 283

, 33-34 254 263 ...... 419 301 368 444

34-35 517 251 200 93 116 134 89 76 93 213 355 286

35-36 216 237 168 269 112 76 100 68 80 275 360 295

O 36-37 228 231 194 165 261 76 80 59 68 289 367 286

_~ 37-38 237 281 151 151 ~89 130 148 I00 104 97 i~7 363

38-39 266 260 219 222 158 148 300 280 303 381 396 34 7

o 39-40 355 355 328 281 281 165 197 141 144 281 330 368

~ 40-41 384 ’ 261 309 197 168 197 191 168 158 203 - -

CO 41-42 - - - 97 85 134 " .    144 80 54 72 320 25IJ

-~ 42-43 222 292 165 .........

I 43-44 ....... 165 200 322 370 355

44-45. 266 228 228 194 119 104 116 93 80 222 303 261 ....

45-46 203 216 187 123 171 243 130 72 203 336 365 338

46-47 311 249 178 246 .303 275 355 234 386 464 496 349
47-48 333 295 328 331 548 559 309 119 104 306 414 355

48-49 320 389 362 336 376 161 246 151 286 486 510 471

49-50 399 333 347 320 175 289 141 137 184 462 481 422

50-51 402 261 80 148 148 206 349 184 246 483 496 432

51-52 368 378 252 123 I00 112 I00 119 68 269 357 310

52-53 336 314 206 165 252 457 426 234 144 325 462 404

,O *Estimated from the equation: TDS (Vern) =]D{Cl(Moss) ]0" 77

~O
Oo



Extreme values--maximum monthly TDS. Maximum mmnthly TDS values by

year over the period 1930-1966 are depicted in the graph of figure VI-24. The

figure summarizes the extremes in quality and flow during each year of record

as tabulated in table V~-15. The triangles in the lower portion of the graph

indicate the most critical quality (i.eo, maximum TDS) occurrences in each of

the indicated years within the period 1930-1944. The solid circles, largely

occupying the ~pper portion of the graph, correspond to the critical occur-

fences in each of the years, 1952-1966. 1943-1951 are not plotted for reasons

of clarity, although they generally are dls~ributed in ~he region bounded by

TDS values of 303 to 510 mg/L as will be seen in table V~-~5.

Since a comparison of the pre-1944 and post-1947 conditions is germane,

it may be noted further that the means and ranges corresponding to the two data

sets* are as given in table VI-16 following.

Mean monthly values of TDS by decades. Using the average monthly val~es

of TDS from tables V~-13 and V~-14 covering the period 1930 through 1969, it is

possible to summarize the general trends of changes that have occurred for each

month of the year. These trends are given by the mean" 10-year values for each

of the decades of the 1930’s, 1940’s, 1950’s, and 1960’s in table VI-17.

In a few cases, only 8 or 9 observations are included in the averages.

These are noted by the asterisks ** and *. Also given in the table for later

reference are the corresponding values of the mean monthly runoff by months

(KAF) at Vernalis in the San Joaquin River.

It will be recalled that the mean annual unimpaired (rimflow) runoffs
during the season April through September for these two periods, pre-1944
and post-1947, are comparable, the post-1947 period being slightly drier
by approximately 5.6 percent.



I000

800 \

\

600 Envelope of all cases prior to 1966 incl.

3~.~9

".058 .

400 -

0~’             ---5~31 /                         35

Envelope of oli cases prior to 1944 incl.2OO

0 I000 2000

Monthly Mean Flow - cfs

Figure VI.- 2b, WATER QUALITY ^ND FI.OW EXTREHES AT VERNALIS
1930- 1966

5283
C-115283



Table VI-15. EXTEEM~ VALUES OF TDS AND FLOW AT VERNALIS, 1930-1966

Year Maximum Minimum
M~n=hl[ Mean TDS* MonthlZ Mean Flow

MG/L A~ x I000 CFS

1930 266 56.6 922
1931 320 14.0 228
1932 357 71.3 1161
1933 352 41.0 668
1934 419 37.3 628

1935 "" 355 61.2 996
1936 360 69.0 i124
1937 367 69.4 1130
1938 363 132.0 2222
1939 396 44.0 717

1940 368 100.4 1690
1941 no data 114.0 1919
1942 320 103.6 1687
1943 no da~a 94..8 1544
1944 370 67.1 1093

1945 303 I~9.4 1782
1946 365 75.2 1263
1947 496 35.0 570
1948 414 44.6 726
1949 510 37.0 602

1950 481 38.2 622
1951 496 46.7 760
1952 357 83.3 1357
1953 462 46.0 749
1954 540 33.6 547

1955 476 36.3 611
1956 318 112.2 1887
1957 479 46.3 754
1958 417 94.4 1537
1959 634 19.2 313

1960 710 13.7 223
1961 941 9.3 151
1962 565 42.7 695
1963 477 67.4 1098
1964 ~° 774 27.1 441

1965 494 75.0 804
1966 729 27.0 439

*Ex=reme values occurred within the period June-Sept. Flow values correspond
to the month in which maximum TDS occurred~ 1930-1953 values based on Mossdale
data.
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TABLE VI-16. SW.rMMAKY OF EXTREME WATEK QUALITY CONDITION
APEIL - SEPT~BER PERIOD

1930-1944"     1952-1966

CP~TICALWATER QUALITY

Monthly Mean TDS Mg/L

Maximum for period 419 941

Mean for period 355 558

Minimum fo~ period 266 318

LOW FLOW CONDITIONS

Average daily flow f~3/s
corresponding ~o cri~Lcal TDS

Maximum 628 151

~ea~ 1182 774

V~u~Lmum 2222 1887
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T33LE VI-17. MEAN MDNTHLY KUNOFF AND TDS
AT VEENALZS BY DECADES
1930-1969

Monuh 1930 ’ s *** 1940 ’ s *** 1950 ’ s 1960 ’ s

K TDS R TDS ~ TDS K TDS
EAF mg/L EAF mg/L :     EAF mg/L KA2 rag/L

Oc~ 99 274 "ii0 299** 102 355 98 460
Nov 107 260 129 258** 154 314 117 393
Dec 152 218" 194 261"* 344 261 197 334
Jan 200 191" 299 225** ’262 271" 294 379

Feb 455 169" 391 256** 28.0 256* 401 340
Mar 530 188" 505 230** 342 280 385 396*
Kpr 503 196" 502 21!** 429 287 397 368*
May 678 166" 639 136" 451 223 404 375
Jun 620 172 675 179" 376 231 393 401

3ul 204 258 191 299* I01 418 139 549
AuE 66 332 75 389 .56 461 58 595
Sep 70 312 85 344 72 420 76 528

Mean    282.5 228 316.3 257 247.4 315 238.3 427

* Only 9 observations in i0 year period
** Only 8 observations in I0 year period
***Based on"Mossdale data
No~e: Al~hough i0 runoff observations were recorded for each 10-year

-period, ~he values shown are averages for the same series for
which TDS values are given.
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Figure VI-25 shows graphically the trend of mean monthly TDS at Vernalis

on a seasonal basis by decades, from the 1930’s through the 1960’s.

Relationship Between Mean Runoff and Mean TDS

Data presented in table VI-17 permit illustration of the changes in runoff

and corresponding TDS values that have occurred during each of the decades

since the 1930’s. The relationships between these quantities are shown graphi=

cally in figures Vl-26A, B, C, and D. The individual data points are identified

by a number corresponding to the month of the year. Coordinates for each point.

were determined as the average monthly TDS and average monthly runoff without

regard for year type (i.e., dry, below normal, above normal, wet).

Using figure Vl-26A as illustrative of a normal pre-1950 cycle, it is

noted that during the year the lowest runoff-highest TDS month is August (which

is the case, incidentally, for all four decades). In succeeding months the TDS

gradually drops as the average flow increases, although not in a linear fashion.

The curve connecting the monthly Points follows in a fairly smooth sequence

through the winter and into the spring when the best quality is identified

with the greatest monthly runoff (point 5 correspond~g to May, the month of

maximum runoff in the pre-1950 period). Thereafter the flow declines as the

TDS level rises gradually, but at generally higher levels through the summer

months. A somewhat similar pattern is seen for the 1940’s (see figure 26B),

although in this case the early spring months seam to reflect somewhat higher

TDS levels. The range of flows and TDS are comparable to the 1930’s. In the

1950’s (see figure 26C) some of the same characteristics are noted although

flows are less and TDS values higher. Also, less variation in TDS in relation

to flow is noted during, t_he winter and early spring months. In the 1960’s (see

figure 26D), the pattern is shifted decidedly upward and tmward the left,
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indicating substantial increases in salt load for the same levels of flow,

and a generally decreased runoff, especially during the late winter and

spring months (February through June). !n all cases it is of interest to

note :

I. The lowest r~noff and poorest quality occurred in August.

2. The greatest runoff occurred in May or June (three times in May,

one time in June).

3. A regular pattern of improving quality with increasing flow is

identified with the period September t!lrough December.

4. Late spring a/%d early summer months always show a tendency toward

increased TDS as the flow decreases approaching the maximum in

AUguSt.

Estimation Based on Chloride Load-Flow Relationships

To broaden the approach to predic,tion of pre-1953 water quality condi-

tions at Vernalis on the San Joaquin River, an alternative method of analysis

was developed. This method utilized chloride observations derived from monthly

grab samplings at Vernalis for the period subsequent to 1938". These data

were combined with mean monthly flows to determine mean monthly chloride loads

that, in turn, were correlated with Vernalis runoff to produce linear regres-

sions of the power function form. Correlations were made for each month of

record for the periods 1938 through 1949 and 1950 through 1969, respectively.

Because these regression lines were fitted to a limited set of data (from six

to ten data Points in the 1938 to 1949 period) they were generally limited to

the range of the data used, e.g., they were not considered reliable for very

* With the exception of some months during World War IX when no samplings
were made,(-
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low flows, where they tended to give TDS predictions larger than had been

observed historically. To correct for this limitation a new set of regression

equations, the coefficients for which are summarized in table Vl-7 for the

Vernalis station, were prepared using an additional hypothetical chloride

load-flow point co.rresponding to a TDS of 1,00O mg/L and a monthly flow of 0.5

KAF. Including this value in the data set had the effect of precluding TDS

concentrations in excess of 1,000 mg/L*.

Although plots similar to figures V~-15 and VI-16 express quality in tons

of chlorides, the chloride concentration in p/m is given by the following

formula:

Loadp/m m Flow x 1.36

where,

p/m - ~ per million Cl-
Load- chloride load in .tons
Flow - 1,000’s of acre-feet

Table V~-18 t~rbulates the mean monthly TDS values for the years 1930-1953

based on the chloride load flow regressions.

The extreme water quality conditions at Vernalis for the years 1930-66 are

presented in ~able VI-19. A comparison of the pre-project years with post-

project years is presented in table VI-20. These ~ables indicate that extreme

water quality conditions at Vernalis are poorer for the post-project years, in

terms of higher TDS concentrations and lower daily flows.

Applying the regression curves to the pre-1950 and 1950-1952 years and

using actual data for the post-1952 years, table VI-21 can be used to compare

the mean monthly water quality at Vernalis for the four decades being studied.

Approximately the maximum mean monthly TDS during the 1977 drought.
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TABLE VI-18. MF/N MONTHLY TOTAL DISSOLVED SOLIDS AT VERNALIS, ZIG/LITER,
BASED ON GHLORIDE LOAD-.FLOW REGRESSIONS FOR PERIOD 1930-1949

Year     Oct Nov Dec Jan Feb Mar ~pr May Jun Jul Au~ Sept

1930 ~ 338 309 310 241 267 245 168 159 204 378 421 376

1931 327 286 278 253 274 344 334 292 429 616 555 494

1932 417 359 314 199 140 196 138 95 111 238 403 396

1933 327 275 279 233 217 275 224 189 159 390 447 391

1934 333 291 261 211 241 277 270 253 364 523" 501 456

1935 372 306 292 194 205 208 99 87 110 305 415 380

1936 312 273 256 200 135 141 103 86 123 293 405 383

1937 318 273 249 200 135 145 100 82 110 286 405 378

1938 318 272 211 166 112 111 89 76 86 179 333 349

1939 293 229 232 187 194 262 171. 164 309 434 441 399

1940 335 296 293 187 150 140 97 90 124 335 402 366

1941 330 282 245 159 133 ’127 95 81 99 206 362 366

1942 306 260 217 152 134 164 102 87 99 217 376 358

1943 305 260 222 170 133 124 94 89 121 326 383 366

1944 310 273 262 ~213 218 197 176 132 188 378 407 388

1945 329 256 231 191 1~1 161 114 90 122 270 373 355

1946 290 234 207 147 171 214 128 92 154 362 399 374

1947 321 252 234 211 235 253 204 164 315 481 461 396

1948 343 280 287 262 342 384 209 122 134 372 441 395

1949 332 294 298 244 286 219 182 136 231 472 456 426

1950 420 351 351 288 269 343 192 174 169 506 566 514

1951 415 211 166 144 180 219 258 156 203 468 538 505

1952 390 342 293 153 174 181 -117 92 93 298 464 458
¯

1953 386 323 280 179 265 414 329 216 171 385 538 498



TABLE VZ-19. EXTREM~ VALUES OF ~DS A~D FLOW
AT VERNALIS 1930-1966

Maximum Minimum
Yeast monthly mean TDS* monthly mean flow

mg/L KAF ft3/s

1930 421 56.6 921
1931 616 14.0 228
1932 403 71.3 1160
1933 447 41.0 667
1934 523 23.6 384
1935 415 61.2 995
1936 405 69.0 1122
1937 405 69.4 1129
1938 349 132.4 2225
1939 441 44.0 716
1940 402 72.9 1186
1941 366 100.3 1686
1942 376 103.6 1685
1943 383 94.8 1542
1944 407 67.1 1091
1945 373 109.4 1779
1946 399 75.3 1225
1947 481 32.4 527
1948 441 44.6 725
1949 472 34.6 563
1950 566 38.2 621
1951 538 46.7 760
1952 464 83.3 1355
1953 538 46.0 748
1954 540 33.6 547
1955 476 36.3 611
1956 318 112.2 1887
1957 479 46.3 754
1958 417 94.4 1537
1959 634 19.2 313
1960 710 13.7 223
1961 941 9.3 151
1962 565 42.7 695
1963 477 67.4 1098
1964 774 27.1 441
1965 494 75.0 804
1966 729 27.0 439

*Extreme values occurred within the period June-September. Flow values
correspond to the month in which maximum TDS occurred. 1930-53 values
based on load-flow regressions.
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TABLE VI-20.      SUMMARY OF EXTREME WATER QUALITY CONDITION
APRIL - SEPTemBER PERIOD

1930-1944" 1952-1966

CRITICAL WATER QUALITY

Monthly mean TDS mg/L

Maximum for period 616 941

Mean for period 424 558

Minimum for period 349 318

LOW FLOW CONDITIONS

Average daily flow ft3/s
correspond±hE to critical TDS

Maximum 228 151

Mean IIO7 77~

Minimum 2225 1887

* Based on load-flow regression curves.
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TABLE VZ-21. MEAN MONTI~LY RUNOFF AND TDS AT VERNALIS
BY DECADES 1930-1969

Month 1930’s*** 19&0’s*** 1950’s 1960’s
R TDS R TDS R TDS R TDS

KAF mg/L KAF mg/L KAF mg/L KAF mg/L

Oct 99 336 115 320 i02’ 355 98 460

Nov 107 287 129 269 154 314 I17 393

Dec 152 268 200 250 344 261 197 334

Jan 197 208 291 194 262 271" 294 379

Feb 420 192 401 194 280 256* 401 340

Mar 488 220 56~ 209 342 280 385 396*

Apt 457 170 518 140 429 287 397 368*

May 613 148 667 108 451 223 404 375

Jun 620 201 590 159 376 231 393 401

Jul 204 364 185 342 I01 418 139 549

Aug 66 433 75 406 56 461 58 595

Sept 70 400 85 379 72 420 76 528

Mean 291 269 318 248 247 315 238 427

* -Only 9 observations in I0 year period

** Only 8 observations in i0 year period

*** Based on !oad-flow regression curves

NOTE: Although I0 runoff observations were recorded for each 10-year period,
the values shown are averages for the same series for which TDS values
are given.

II~

C--115296
(3-115296



monthly water quality at Vernalis for the four decades being studied. Figure

VI-27 presents graphically the same data. It is apparent that during the 1950 ’s

and 1960’s water quality at Vernalis has experienced some degradation. Partic-

ularly notable is the decade of the 1960’s in which mean monthly water quality is

poorer in all months to the extent of several hundred mg/L TDS in some months.

Data presented in table Vl-21 illustrate the changes in runoff and corres-

ponding TDS values that have occurred during each of the decades since the

1930’s. The relationships between these quantities are shown graphically in

figures Vl-28A and B, for the 1930’s and 1940’s. The 1950’s and 1960’s data

are the same as those ~sed in the Mossdale discussion (see figures VI-26C & D).

Individual data ~oints are identified by a number corresponding to the month of

the year. Coordinates for each point were determined as the average monthly

TDS and average monthly runoff without regard for year type (i.e., dry, below

normal, above normal, wet).

As an illustration of a pre-~950 cycle, figure V~-28A shows that the lowest

runoff -highest TDS month is August. With s~cceeding months the TDS drops as

the flow increases until May when the best q~ality is identified with a high

average runoff. In June, runoff is about that of May; however, the TDS concen-

tration begins to increase. July and August both show a reduction of runoff

and an increase in TDS concentration with the greatest changes occurring in

July. A similar pattern is exhibited in the 1940’s with some slight changes in

the March through June period. A description of the ~950’s and 1960’s is

contained in the discussion of results based on the Mossdale chloride data. Ln

each of the decades the following statements are valid for average conditions:

I ~ The lowest runoff and ~oorest quality occurred in August.

2. The greatest runoff occurred in May or June.
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3. A reqular pattern of improving quality with increasing flow is

identified with the period September through December.

4. Late spring and early summer months show a tendency toward increased

TDS as the flow decreases approaching a maximum in August.

SECTION D. EFFECT OF TUOLUMNE GAS WELLS

Since the 1920’s and until very recently, a group of about 10 exploratory

gas wells, located along the Tuolumne River in the reach from Hickman to the

mouth, have been contributing flows of very saline water to the river. The

salt contribution of these wells, which has been estimated to range from 7,000

to 10,000 tons per month of TDS, is reflected in an overall increase in the

salinity of the Tuolumne River, which depends upon the discharge from upstream

sources not affected by the wells and to a lesser extent upon local returns of

irrigation drainage water. In turn, because the Tuolumne contributes to the

San Joaquin flow, there is an impact of these gas wells on t_he quality of water

reaching Vernalis. It is not known whether there has been a significant change

in the salt output of the wells over the ~eriod studied, i.e., from 1930

through 1966, but in 1977 concerted efforts were made to seal the wells and

thus reduce the contribution of salts to the river. The effectiveness of these

efforts has not yet been assessed.

The variation in salt concentration (represented by electrical conduc-

tivity, EC) in the Tuol~mne ~ver in relation to flow is summarized for three

different locations in figure VI-29. The actual data shown are for the period

1960-1965, inclusive, and correspond to grab samples collected by the USGS at

the several locations (approximately I sample per month). Curves of hyperbolic

form are plotted to represent the data, indicating generally that as flows in

the river increase (the gas wells flows are considered nearly constant over the
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year) the quality improves, but at very low "flows the quality may be dominated

by the gas well salt load. Assuming a constan~ accretion of salt (tons per

month), it is estimated that about one-sixth of the salt is "contributed by two

wells above Hickman and the remaining five-sixths by the several wells between

Hickman and Tuolumne City, near ~he river’s mouth. This analysis, which

presumes a constant strength of the wells, indicates a ~otal load as high as

10,800 tons TDS per month, although estimates by the Central Valley 8~gional

Water Quality Control Board, based on direc~ sampling and analysis of the well

water, indicate smaller loads--about 6,000 tons per month. Differences between

these estimates may be attributed, in par~, ~o the effects of drainage returns

in the lower reach of ~he river. These are reflected, however, by the to~al

salt load estimated at Tuolumne City (see figures VI-18 to 21 ).

Analysis of chloride da~a for the period 1938 ~hrough 1969, for four

seasonal periods (November-January, February- April, May-July, and August-

October) indicate similar relationships between chloride concentration and flow

in the Tuolumne ~o those depicted in figure VI-29 for EC versus flow. Results

of this analysis, which characterizes C I versus flow in the form of

CI- - CI (Flow)C2 (VI-6)

where

CI- - monthly average ooncent-Tatlon of chlorides, mg/L

Flow - average monthly runoff, cfs

CI, C2 - constants

are summarized in t~ble V~-22.

The =oefficients given correspond ~o the statistical "best fit" lines

of the relationship presumed in equation VI-6. The coefficient of correlation,

R, indicates the reliability of the equation in predicting ~he values actually

observed, R - 1.0, corresponding to a perfect fit.
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A summary of predicted values of chlorides for ~ Lous levels of flow,

corresponding to each of the seasonal and chronological periods, studied, is

presented in table V~-23. Estimates are also shown for electrical conductivity

(EC) based on the relationship
_ 0.88

EC - 8.82 (Cl ) (VI-7)

where

EC - electrical conductivity, umhos/cm @ 25 "C

C1 - chlorides, mg/L

which was derived from USGS data for the period 1960-65. For ~urposes of

graphical comparison, the resulting EC versus flow relationships are shown in

figure Vl-30, together with the 1960-1965 data for Tuolumne City, shown also in

figure VI-29 ¯

The preceding sections of this chapter have dealt with the changes that

have occurred historically in the San Joaquln River system, dating from about

193~ and extending through the ~960’s. Data has been presented to indicate the

changes in quality that have been experienced at the lower extremity of the

system, near Vernalis and at M~ssdale 16 miles downstream and within the South

Delta Water Agency. Data on the composition and quantity of salt accretion to

the river system from various sources from M~.ndota downstream to Vernalis have

been described. Finally, two methods of es~imatlng the missing quality data

for the early years of the study have been developed. For the benefit of the

reader who may have elected not to read sections A, B, C, and D, a summary of

each section is included here.
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Table VI-23. PREDICTED CIII,()RIDE CONCENTRATIONS IN TIIE TUOLUMNE RIVER

AT TUOLUMNE CITY, AUGUST ~IROUGH OCTOBER, FOR SEVERAL

CHRONOLOC, TCAI, I’ER TODS

CHRONOLOGICAL PERIOD

Flow 19 38-49 19 50-59 1960-69

cfs Cl* EC~* CI EC C1 EC

250 164 784 189 889 194 909

500 87 449 11.4 570 109 548

1000 46 258 68 361 61 329

2000 25 148 41 232 34 196

3000 17 107 30 176 25 147

5000 ii 73 21 129 16 i01

* From regression equation, Aug-Oct, Table VI-22,’ mg/L

** By correlation C1 vs EC, equation Vl-7, umhos/cm @ 25°C
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Data for Section A were developed to facilitate identification of the

locations and the relative strengths of major contributions to the salt burden

carried by the San Joaqin River from the vicinity of the Mendota Pool to

Vernalis. This study of quality constituents was used in an effort to "finger-

print" the waters of various sources. In general, the data on quality constit-

uents show the following:

I. There are distinctive differences between the qualities of east-

side streams and the quality of water carried by the San Joaquin

River along its main stem.

2. In the 1960’s there is comparatively little difference between the

quality and chemical composition of salts in drainage returns

from the westside of the valley and the quality of water carried

in the San Joaquin River from Mendota to Vernalis. Westside

drainage is high in TDS, chlorides, sodlum~ sulfate, noncarbonate

hardness, and boron, all of these properties being identified

with soils of the area.

3. The effect of the flow from eastside tributaries has been largely

one of dilution of salt loads carried by the river.

¯ The properties of the salts carried by the San Joaquin River during

periods of low flow appear to be dominated by westside accretions during the

1960’s to a degree that they are hardly indistinguishable. To determine the

relative contribution of several sources, the salt balance computations of

Section B were performed.

Section B data were examined to determine trends in TDS salt load and TDS

concentration at Vernalis. A study of monthly TDS load v. monthly Vernalis
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unimpaired rimflow was performed for ~he four months of October, January,

April, and July.. By grouping ~he data into subsets by decades, the results

indicate that in general, the salt load has increased at Vernalis. Lines

describing the "best fit" of the data oftentimes do not correlate very s~rongly

but, the indication is ~hat ~he salt loads have probably increased, while the

magnitude of the load is not s~rongly dependent on unimparied rimflow (see

figures VI-7 t~Irough VI-10)o

A second study contained in Section B compares ~he TDS concentrations at

Vernalis for various actual flows. Again, the da~a was divided into subsets by

decades and "best fit" curves derived (see figures VI-11 ~hrough V~-~4). Only

the four representative months were s~udied, but the data supports a trend of

higher TDS concentrations in the ~950’s and ~960’s than occurred in the ~940’s

and 1930’s. An exception ~o ~his general statement is ~he month of July

although no ready explanation is available for this difference from the other

~re__e months, the purpose of these first two s~udies was not to gain a.quanti-

tative description, but merely a qualitative insigh’~" to the situation at

Vernalis ¯

The third portion of Section B, the salt balance computations, is used

to determine the relative contribution of the several sources by combining ~he

effects of flow and concentration. For comparison purposes, the years were

grouped into water year classifications eogo, dry, below normal, above normal,

and wet. Post-~947 results were then compared to pre-1944 years of the same

type, much the same as was done in the water balance computations of Chapter 5.

The salt load at Vernalis has changed between the pre-1944 and post-~947

periods, the amount varying with the year classification. !t appears that
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annual loads in the dry years increased 18 percent and below normal year annual

loads increased 35 percent. Little or no annual load change is evident in

above normal and wet years. In the dry and below normal years the biggest

increase in load occurred in April when spring runoff is probably flushing the

basin of some acc~ulated salts. Consistent with this observation, loads in

July have decreased in dry and below normal years apparently due to a reduction

in runoff. In general, it appears that in drier years, salts are accumulated

in the basin during low flow summer and early fall months and then released

during the high flow winter and spring months. Because a net increase in load

has occurred, it seems likely that sources of salt are adding to the annual

burden at Vernalis in dry and below normal years.

In order to evaluate the changes in TDS concentration ~hat have occurred

at Vernalis, a complete record of monthly values is necessary. Due to gaps in

the Vernalis da~a two methods of estimating the mis~ing values were developed

in Section C. The first of these methods estimates Vernalls TDS based on a

correlation with Mossdale chloride da~ao The second method estimates the

Vernalis TDS based on actual flow at Vernaliso Results of the ~wo methods vary

slightly but generally compare favorably. For average conditions, ~he following

statements are valid:

I. The lowest runoff and poorest quality occurred in August.

2. The greatest runoff occurred in May or June.

3. A regular pattern of improving quality with increasing flow is

identified with the period September ~hrough December.

4. Late spring and early summer months show a tendency toward

increased TDS as the flow decreases approaching a maximum in August.
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The Tuolumne gas wells are a significant source of salt. The exploratory

wells have been contributing highly saline flows since ~he 1920’s estimated to

be as much as 7,000 to 10,000 tons per month of TDSo The study contained in

Section D indicates ~hat no significant change has occurred in ~he contribution

of the wells through ~he 1960’s.

An attempt to seal the wells was instituted in 1977 but insufficient data

are available to evaluate ~he effectiveness of the effort.

The remainder of Section E is a discussion of impacts on water quality

at Vernalis utilizing the results of ~he preceeding sections. Because ~he

impacts are based on the 1930’s and 1940’s period, and two methods were used ~o

estimate the data for those years, two sets of results will be discussed, one

based on Mossdale chloride data and one based on Vernalis chloride load-flow

The changes in quality ~hat have occurred at V~rnalis have been most

notable during the drier years of record, especially during the spring and

summer months of such years. Using the Mossdale data, extreme values of

monthly average TDS followed a more or less regular pattern in the period prior

to about 1944, ranging roughly between 300 and 400 mg/L, only slightly affected

by the magnitude of runoff during the month (refer ~ figure VI-24). Since the

predictions from regression curves are based on runoff, the magnitude of

estimated TDS at Vernalis is affected by the flow and the lower envelope shown

in figure VI-24 is modified upward.

The analysis of Mossdale data indicates that if there were any highly

saline return flows during the 1930’s-1940’s period, they diminished .%n flow

during dry periods in comparable degree to the reduction in flow of high
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quality waters. Chloride load-flow regression data indicate than, in ~-he

1930’s and 1940’s, the q~aiiUy of Vernalis water deteriorated wi~h a reducnion

in flow, more or less as it did in the 1950’s and 1960’s, however, not as

dramatically. For the years prior to 1950, the average difference in maximum

monthly TDS estimated by both me~hods is 17 percent. Load-flow regression TDS

values are, in most years, higher ~han Mossdale values, ranging from -10 per-

cent in 1939, a dry year, to +93 percent in 1931, a dry year.

In the period subsequent to 1951, in distinct contrast, da~a indicates

that a change occurr~,~, that was manifested by occasional very high levels

of TDS correla~ble to a high degree with a diminished flow in the river.

Concentrations rose no 700 mg/L and above .in several instances and exceeded 900

mg/L in 1961 o This phenomenon was most evident in the lane summer months--in

almost every instance July or August proved to be the critical month--but it

can be seen in the data of more recent years to be associaned witch the lane

spring and early summer periods when upstream diversions were mosn likely to

influence ~he runoff reaching Vernaliso

A comparison of the four decades--the 1930’s ~hrough the 1960’s (see ~able

VI-17)--indicates that the quality at Vernalis deteriorated at an accelerating

rate relative to the decline in runoff. While the period (1930-1949) produced

approximately ~he same annual average unimpaired runoff as the 1950-1969

period, the quality-flow relationship shifted markedly after the end of the

earlier period. The average monthly runoff at Vernalis, which was about

300,000 acre-feet in the 1930’s and 1940’s, dropped by about 19 percent--no

243,009 acre-feen in the 1950’s and 1960’s (an average difference of 684,000

acre-feet per year). Over the same time span the average monthly TDS (over the
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entire year based on Mossdale chlorides for the 1930-1949 period) increased 53

percent--from about 243 mg/L to 371 mg/L. Comparing the 1950’s ~nd 1960’s to

the earlier two. decades, the TDS increases are about 30 percent end 76 percent

of the 1930-1949 average, respectively.

For a constant salt load it may be expected that a decrease in runoff at

Vernalis would result in an increase in TDSo Comparing the average monthly TDS

(over the entire year), load-flow regressions show a 1950-1969 increase of 43

percent--from 259 mg/L to 371 mg/L. For the 1950’s alone, the percentage

increase is about 22 percent and for the 1960’s, 65 percent.

From these same data it is possible to estimate the proportionate degra-

dation that occurred as a result of reduction of flow and as a result of added

salt load in the system. Using the Mossdale data for the decades of the 1930’s

and 1940’s as a base of reference (mean monthly runoff - 299.4 KAF and mean TDS -

242.5 mg/L), and assuming, first, no change in salt load, we find that due to

runoff reduction alone in the 1950’s we could expect an increase in TDS of about

40.5 mg/Lo The difference in this increase and that which actually occurred,

72.5 mg/L,., is 32.0 mg/L and must be attributed to an increase in salt burden

carried by the river. Thus, according to t2Lis analysis, in this first decade

after the CVP went into operation, about 56 percent of the increase in average

TDS was caused simply by a reduction in flow from upstream sources; the remain-

ing 44 percent was a result of increased salt burden, perhaps associated with

an expansion of irrigated lands in the basin. Similarly, in the 1960’s (compared

to the 1930’s and 1940’s) about 27 percent of the average increase in TDS

(184.5 x 0.27 - 50.0) can be accounted for by a reduction in flow and 73

percent attributed to increased salt burden. It is of interest to note here
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that ~he absolute change apparently caused by reduction in flow char~ged relatively

little from ~he 1950’s to ~he 1960’s (from 41 to 50 rag/L) while that charged to

an increase in salt burden increased about four times (from 33 to 134o5 mg/L)o

This is consistent with other analyses that indicate a progressive buildup in

salt load in the San Joaquin system.

Based on the load-flow regressions data for the 1930’s and 1940’s, the

proportionate degradation that has occurred due to decreased flow and increased

load is also calculated.*

1930’ & 1940’s average load - 747,740 tons**

1950’s reduction due to flow - (50) (590) - 34,500 tons

747,740 - 34,5001950’s TDS increase due to flow - 2,969 - 204 - 36 mg/L TDS

1950’s TDS increase due to load - (277 - 36) - (204) - 37 mg/L TDS

1960’s reduction due to flow - (501 x (7001 - 35,000 tons

747,740 - 35",0001960’s TDS increase due to flow -       2,959        - 204 - 37 mg/L TDS

1960’s TDS increase due to load - (393 - 37) - (204i - 152 mg/L TDS

According to this analysis, in the 1950’s a quality degradation of 36 mg/L

TDS is due to a reduction in flow. The calculations show a slight degradation

of 37 mg/L TDS due to load, or about 50 percent. The degradation due to

load change is significantly greater in the 1960’s, 152 mg/L TDS, while the

degradation due to reduced flow, 37 mg/L TDS, is about the same as for the

1950’S.

* It is assumed in this analysis that water lost from the system would have
a TDS of about 50 mg/Lo

** Obtained by summation of average monthly saltloads for the ~eriod 1930-1949.
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The chronological shifts in TDS concentration and salt loads, calculated

by the Mossdale me~hod, are depicted graphically in figures VI-31 and VI-32, in

which the changes that have occurred (see table VI-17) in the 1950’s and 1960’s

are related to the .average of the earlier period. The relative concentration

is noted to be greater than unity throughout the year in both decades, the

maximum occurring in late spring and early summer. The rate of increase

over time, indicated by the spacing between the c~rves, is seen as increasing

in all months from the 1950’s through the 1960’s, with the greatest rate

differences occurring in May and June.

Changes in salt load, i.e., t_he product of runoff and concentration,

are indicated in figure VI-32 to have changed relatively little between

the ~950’s a~d the 1930’s-1940’s period. However, the salt load at Vernalis

for the 1960’s increased substantially in all months of the year, by amounts 40

percent or greater than for the period of the ~930’s and ~940’s, despite the

fac~ that flows in this Period were substantially reduced by upstream development.

The average for the 12-month Period of the 1960’s was about 152 percent of the

1930’s-1940’s level. For the 1950’s, the average was about 110 percent.

Chronological shifts in TDS concentration and salt loads as determined

by the load-flow regressions are presented in figures V~-33 and VI-34.

Monthly changes that have occurred in the 1950’s and 1960’s (see table VI-21)

are related to the average of the ~930’s and ~940’s. Relative concentrations

are greater than unity for all months in the 1950’s and 1960’s. The greatest

rate of increase over time for both the 1950’s and 1960’s is seen in April end

May.

The changes in salt load, i.e., the produc~ of runoff and concentration,

are indicated in figure VI-34o The 1950’s show some change in load over the
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Figure VI-31 KELATIVE TDS CONCENTRATION AT VLKNALIS

,-..-, BY DECADES, 1930-1969
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Figure Vl-32 R~LATIVE TDS SALT LOAD AT V=~RNAL!S

BY DECADES, 1930-1969
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Figure VI-33 EELATIVE TDS CONCE~fRAT!0N AT VERNALIS
BY DECADES, 1930-1969"

0 N D J F M A M J J A S
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year, and a substantial chronological shift is evident. Loads are greater in

~he months of November, December, January, and April. The months of February,

March, June, July, and August, show relative loads less than unity. For ~he

12-month period, loads in the 1950’s were about 116 percent-of the 1930’s-1940’s

period. During the 1960’s salt loads were much higher than those of the 1930’s

and 1940’So For the January through May period the monthly loads were as much

as 240 percent of the 1930’s and 1940’So Overall the salt loads for the 1960’s

were about 153 ~rcent of the pre-1950 years. Figure VI-35 depicts the relative

runoff at Vernalis in the same manner as figure VI-33 and VI-34o Both the

1950’s and 1960’s have relative runoffs generally less than unity. Exceptions

are the months of November, December, and January; however, these increases are

offset by reductions in the remaining months. The 1960’s .relative flow was

about the same as the 1950 ’s, while at the same ~ime the relative load was

greater than the 1950’So This supports the calculations indicating that an

additional salt burden has been placed on the system.

Comparisons of quality changes by year classification is possible from the

Mossdale da~a presented in tables VI-13, 14 and 15. These are summarized in

tables VI-24 and VI-25, for the April through September period, and for the

extremes of high TDS and corresponding flows experienced in each of the s~udy

years. Data are presented as averages for each of the several year classifi-

cations. It is noted that because of the scarcity of "Below Normal" years in

the 1930-1944 period and "Above Normal" years in the 1952-1966 period averages

are presented also for "Below and Above Normal" year classifications.

The~summary of Mossdale results shown in t~ble VI-24 for the April through

September period shows clearly the impact of post-1952 upstream development of
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TABLE VI-24. MEAN TDS AND RUNOFF AT VERNALZS BY YEAR
CLASSIFICATION, APRIL-SEPTEMBER PERIOD~

Year Mean TDS Mean Period- Runoff

Class MG/L AF x i000

Pre* Post** Pre Post

Dry 314 677 424 168

Below Norm~l 282 419 788 735

Above Normal 190 325 30~6 1201

Comb ined:
Below & Above Normal 203 396 276& 851

Weu 180 209 5469

All Years 227 434 234& 1268

* 1930-194&, da=a from Table VI-14, based on Mossdale chlorides.

** 1952-1966, da=a from Tables V~-I3 and VI- 14.
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TABLE V~-25. TEEM VALUES OF HIGH TDS AND LOW FLOWS
AT VERNALTS BY YEAR CLASSIFTCAT~ON

Year Maximum Minimum

Class Mon~hl[ Mean TDS MonthlZ Mean Flow
MG/L iF x !000

Pre* Post** Pre Pos%

Dry 351 765 38.6 17.3

Below Normal 370 530 67.1 44.0

Above Normal 355 521 81.4 55.0

Comb ined:
Below & Above Normal 357 528 79.6 46.8

-- Wet 363 364 123.0 96.6

All Years 35&. 8 558.2 71.7 48.9

* 1930-1944, data from Table VZ-15, based on Mossdale chlorides
** 1952-1966, data from Table VI-15
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the San Joaquin Basin’s water resources on both the quantity and quality of

water reaching Vernalis. This effect is especially notable in the dry years,

where a reduction of about 60 percent in the average April through September

runoff corresponds t~ approximately 115 percent increase ~ average TDS--from

314 mg/L pre-1944 period to 677 mg/L post-1952 period. I~ the below and above

normal years, the impact is similar, a reduction in average runoff of about 69

percent corresponds to an average increase in TDS of roughly 95 percent. In

wet years, although flow reductions were substantial--about 30 percent of

pre-1944 levels--the quality changes were minor, as would be expected. Con-

sidering all years, a reduction in runoff of 41 percent (959,000 acre-feet for

the April-September period) corresponded to a 84 percent increase in TDS

concentration in the runoff at Vernalis.

Comparisons of quality changes by year classification for the pre-1944

period and post-1952 period using load-flow regression data are presented in

tables VI-26 and VI-27. Data summarized in those tables are found in tables

VI-13, 18, and 19. The impact of upstream development is apparent in reduced

flows and increased TDS concentration at Vernalis for all year types. Like

results from the Mossdale method, the estimated April-September flow reductions

are about 60 percent in the drier years and about 30 percent in the wet years.

The loadflow regressions gave an average TDS increase in dry years of 93

percent, in below and above normal years 69 percent, and in wet years 8 percent.

Considering all years together, the degradation of quality amounted to an

increase of 63 percent coupled with a 46 percent reduction in flow for the

April-Se~ember period.

The same comparisons using the extreme TDS month is summarized in table

VI-27.
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TABLE VI-26,. MEAN TDS AND KUNOF~ AT VERNALIS BY YEAR
CLASSI21CATION, APEIL-SEPTEMBEK PEKIOD

Year
class Mean TDS Mean period runoff~

mg/L KAF

Pre* Post** Pr~ Post

Dry 350 677 424 168

Below normal 278 419 788 735

Above normal 228 325 3046 1201

Combined
Below normal &
above normal 234 396 2764 851

Wet 194 209 5469 3845

All years 267 434 2344 1394

* 1930-1944, data from cable VI-18 based on flow-load regression data.

** 1952-1966, data from table VI-13 and VI-14.
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TABLE V~-27. EX~%E~E VALUES OF H~GH TDS AND LOW FLOW
AT VERNALIS BY YEAE CLASSIFICATION

Year
Class Maximum Minimum

mon~h..l7 menu TDS monthly mean flow
~/L AF x i000

Pre* Post** Pre        Post

Dry 490 765 35.8 17.3

Below normal 407 530 67. I 44.0

Above normal 398 521 77.5 55.0

Comb ine d
above & below normal 399 528 76.2 46.8

Net 358 364 116.4 96.6

All years 424 561 68. I 48.9

* 1930-1944, data from table VI-19, based on load-flow regression data.

** 1952-1966, data from table VI-15.
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F. SUMMARY OF QUALITY IMPACTS

Generally, the water quality at Vernalis has deteriorated since the

1930’s. How much degradation has occurred and what have been the principal

causes, have been the topics of this chapter. In the analysis of data and

interpretation of results, several methods have been employed, sometimes with

differing results. The discussion that follows attempts to summarize results

and reconcile differences wherever possible. In cases where the methods yield

disparate results, ranges are given ~ include all estimates.

Changes that have o~curred in the quality of water at Vernalis between

%~,e pre-1944 and post-1952 periods are summarized in tables VI-28 and VI-29.

The tables present data derived from the records of mean monthly TDS at Vernalis

(mg/L) given in tables V~-13, VI-14, and V~-18. Maximum and mean values ere

entire water year--and for each type of year--dry, ~elow normal, above normal

and wet.

Data presented in the tables indicate that the TDS at Vernalis has increased

in a!most all categories listed. The greatest effect is shown in the drier

years and the least in the wettest years. Table VI-30 is a ~omposite of tables

VI-28 and VI-29, showing the range of estimated impacts at Vernalis. Using

the April-September period in a dry year as an example, the mean TDS increased

somewhere between 327 and 363 mg/L from pre-1944 to post-1952 years. This

increase, corresponded to 93 to ~6 percent of the pre-1944 p~riod TDSo

As noted in previous discussion, the general deterioration in quality

at Vernalis is identified both with reductions in flows along the main stem of

the San Joaquin and increases in salt burden transferred to the river. When
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Table VI-28. SI~IMARY ~F IMPACTS ON QUALITY AT VERNALIS
PRE-19~ AND POST-1952              :

YEAR I~’PE & PERIOD Total Dissolved Sollds, rag/I,. Percent Increase
PBE-1944 POST-1952 PBE-1944 to POST-1952

Max Me an .Max Me a n Max .Me a n

DRY

Max.raonth ~’~’ 387 q/~l 765, 112 98
April-Sept 383 314 0~0 677 I19 I16
Full Year 342 288 6~ 5~9 99 91

BELOW NO~L

Max. month ] 70 37U 729 5~ 4 97 4 7
April-Sept 282 2~7 683 419 142 46
Full Year 282 261 502 364 78 40

ABOVE NOeL

Max.raonch 517 382 805 641 56 68
April-Sept 244 260 387 325 59 52
Full Year 269 233 , 489 394 82 69

WET

Max.month 384 374 462 439 20 17
April-Sept 180 173 226 209 26 21
Full Year 224 197 252 237 13 20

ALL YEARS

Max.raonth 517 381 941 584 82 53
April-Sept 383 239 840 433 119 81
Full Year 342 23~ 6~I 392 99 Od

*BASED ON MOSSDAL~DATA                                 "



TABLE VI-29.     SUMMARY OF IMPACTS ON QUALITY AT VERNALIS
PRE-~9~4 AND POST-1952

Total dissolved solids, ~mg/L Percent increase

PRE-19~ POST-1952 PBE-19~4 to POST-1952
yea,,r .t,~pe a.n.d pe.r, lod Max Mean Max tlean ’ Max Mean

DRY :

Max monLh 616 490 941 765 53 56
Apt-Sept 453 350 840 677 85 93
Full year 374 310 681 549 82 77

BELOW NORMAL

an ~ Max month 407 407 729 544 79 34
~o Apt-Sept 278 278 683 419 146 51

Ix)’
Full year 262 262 502 364 92 39

O~ ABOVE NORMAL

Max month 415 398 805 641 94 61
Apr-Sept 236 228 387 325 64 43
Full year 251 229 489 394 95 72

WET

Max month 366 358 462 439 26 23
Apr-Sept 202 194 226 209 12 8
Full year 207 200 252 237 22 19

ALL YEARS

Max month 616 .424 941 588 53 39
Apr-Sept 453 267 840 434 85 63
Full year 372 254 681 383 82 51

* Based on load-flow regression .data.



TABLE V~-30. RANGE OF ESTIMATED I~PACTS* ON QUALITY AT VEENALTS
(1930-19~A~) to (1952-1966)

Year type Total dissolved so,~ids~ m~/L. Percent increase
& period Max Mean Max . Mean

DRY

Max month 325 - 497 275 - 378 53 - 112 56 - 98
Apt-Sept 387 - 457 327 - 363 85 - 119 93 - 116
Full year 307 - 339 239 - 261 82 - 99 77 - 91

BELOW NORMAL

Max month 322 - 359 137 - 174 79 - 97 34 - 47
Apr-Sept 401 - 405 132 - 141 142 - 146 46 - 51
Full year 220 - 240 102 - 103 78 ~ 92 39 - 40

ABOVE NORMAL

Max month 288 - 390 243 - 259 56 - 94 61 - 68
Apt-Sept 143 - 151 65 - 97 59
Full year 220 - 238 161 - 165 82 - 95 69 - 72

WET

Max month 78 - 96 65 - 81 20 - 26 17 - 23
Apt-Sept 24 - 46 15 - 36 12 - 26 8 - 21

-- Full year. 45 - 59 37 - 40 22 - 31 19 - 20

ALL YEARS

Max month 325 - 49~ 164 - 203 53 ~ i12 39 - 53
Apt-Sept 387 - 457 167 - 194 85 - 119 63 - 81
Full year 307 - 339 129 - 158 82 - 99 51 - 68

* Based on results from M~ssdale data and load-flow regression data. See
tables VI-28, VI-29.
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the total change in quality at Vernalis that has occurred between the two

eriods is distributed between reduced flow and increased salt load, it is

noted that the effect of increased salt load is becoming relatively more

important in recent years. Tables VI-31 and VI-32 summarize the changes in

total salt load that have occurred in the two’decades 1950-59 and 1960-69 in

relation to t_he period of 1930-49o

In the 1950’s, the estimated increased in annual TDS load at Vernaliso

In the 1960’s the load increased 530 to 569 kilotons TDS per year. This

increase between the 1950’s and 1960’s, a 50-56 percent jump, indicates the

more recent impact on water quality at Vernalis. During the 1960’s the average

annual runoff at Vernalis was about 710,000 acre-feet lower than for the

1930-1949 period while the total TDS load actually increased.

~n the 1950’s the estimated increase in the April-September TDS load at

Vernalis ranged from -18 to +21 kilotons TDS. Ln t~e 1960’s the load increased

+251 to 290 kilotons TDS per year. This increase, 44 to 54 percent of 1930-1949

is indicative also of more recent impacts on Vernalis water quality. During

the 1960’s t_he average April-September runoff at Vernalis was about 610 thousand

acre-feet lower than in the 1930-1949 period.

A similar analysis based on chloride da~a summarized in table VI-10,

indicates an overall increase in salt load (as chlorides) of about 0-35 percent

in the post-1949 years depending on year classification, the dry and below

normal years showing the greatest change.

Analysis of the sources of salt load contributing to the San Joaquin

River, and which account for,’ in par~, the increases noted at Vernalis, indi-

cates that about 45 to 85 percent of the total load, depending somewhat on the
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Table Vl-31. SUMMARY OF CIIANCES IN    TDS LOAD AT VERNALIS,
1930-1969

3Month TDS Load, Tons x I0
of

Year 19 30-49 *" 1950-59 1960-69

Oct 41 ~9 61

Nov z~2 66 63

Dec 57 81 90

Jan 71 97 152

Feb 122 . 98 186

Mar 148 131 208

Apt 140 168 19~

May 136 137 207

Jun 155 119 215

Jul 75 58 i0~

Aug 35 35 47

Sap 35 41 55

Apr-Sep 576 558 827
Percent change
from 1930-49         0 -3 &~

Year 1057 1080 1587

Percen~ Change
from 1930-49 0 2 S0

* Based on Mossdale chloride data
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TA3LE V~-32. SUMMARY OF CHANGES IN TDS LOAD AT VERNALIS,
1930-1969

Month
of TDS load~ ~ons x 103

year 1930-49" 1950-59 1960-69

Oct 48 49 61

Nov 44 66 63

Dec 62 81 90

Jan 66 97 152

Feb 108 98 186

Mar 153 131 288

Apt 102 168 199

May 111 137 207

Jun 149 119 215

Jul 94 58 104

Aug 40 35 47

Sep~ 41 41 55

Apt-Sept 537 558 827

% Change
from 1930-49 0 4 54

Year .1018 1080 1587

% Change
from 1930-49 0 6 56

* Based on load-flow regression data.
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quality constituent considered and the year type, enters within upper San

Joaquin River basin. The remaining fraction includes t_he contributions of the

Tuolumne gas wells that have been the subject of efforts by the S~ate of

California to reduce point source salt accretions to the river, local drainage

returns between Newman and Vernalis and runoff from the east side st-reams.

Table V~-33 is a summary of the results obtained from salt balances using

chloride da~a for the four representative months of October, January, April,

and July. The tabulated results show that virtually no change has occurred in

the proportion of salt load contributed by the upper San Joaquin River basin.

The table shows that the most apparent changes have taken place on the" Tuolumne

River and in "other" flows, the unidentified sources and sinks of salt load

within the San Joaquin River basin.

Table VI-33 summarlzes estimated impacts on the water quality of the San

Joaquin River at Vernalis as determined by t.he two ~ethods, one utilizing the

Mossdale chloride da~a and the .second based on chloride load-flow regressions.

Data presented in the summary ~able were derived from various ~ables presented

earlier in t_~is chapter; specifically ~&bles V~-9, 30, 31, 32, and 33 were

utilized. Footnotes on ~able V~-34 describe the procedures used in calculation

of t-he values given.

The effects of upstre~ development, bo~h in the entire San Joaquin River

basin and in the upper San Joaquin River basin as given in ~able VI-34, are

outlined briefly for each year classification as follows:

Dr~ Years

In dry years the average TDS increase at Vernalis, resulting from develop-

ment upstream after 1947, was estimated at about 350 mg/L for the April-September
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’ Table VI.-53 PEHOE~T OF VERNALIS OHLORIDE LOAD
A~D THEIR ORIGINS*

Upper Upper
San Joaquln Stanlslaus Tuolumne San Joaquln
River Basin "Others" River River plus ?others"

Pre Post Pre Post Pre Post Pre Post Pre Post
DRY
Apr-Sep           i07 86 -67 -55 ~ 2 57 69 ~0 50
Full Year 72 ~l -22 -28 3 2 47 56 50 43

BELOW NODAL
Apr-Sep           83 81 -28 -49 3 2 43 66 55 32
Full Year 61 6? -I -21 3 2 38 52 59 ~

ABOVE NO~4AL
:

Full Year 51 55 22 9 2 2 26 54 72 6~

Apr-Sep 68 ~ ]7 25 2 3 16 21 82 77
Full Year 47 ~9 3t 25 2 2 21 26 ?8 73

ALL YEARS

Apr-Sep            78 73 -11 -2~ 3 2 35 51 63 /~8
Full Year ~8 62 ? -7 2 2 33 ~ 65 55

~Based on load-flow regression salt balances.
Pre refers to 1930-19~ period w~th 5-Dry, 1-B.Nor~.,.’7~A.Nor~0, 2-get
Post re£ers %o 1952-1966 period with ~-Dry, 5-B.Norm., 2-A.Norm., 4-We%



TABLE VI-34. SUFI~ARY OF ESTIMATED IMPACTS ON THE QUALITY OF
THE SAN JOAQUIN RIVER AT VERNALIS

1 2 31 4

Total Increase in TDS mg/L Increase in total saIt load
increase in due to decreased flow Vernalis total Increased caused by CVP
TDS mg/L at Percent      Percent Increase Z of Increase Z of

Year Type & Period    Vernalls of Pre-CVP due to CVP Tons x 103 Pre-CVP Tons x 103 Pre-CVP

DRY

’ Apr-Sep              327 - 363 84 - I00 1.8 - 2.1 68 49 58
Full Year 239 - 261 22 - 26 6.3 - 7.4 143 55 102 39

BELOW NORMAL

Apr-Sep 132 - 141 I00 36 95 57 77 46
l Full year 102 - 103 I00 45 193 62 129 41

=.~

=̄~ ABOVE NORMAL

~ Apr-Sep 65 - 97 100 37 33 39 21 25
4> Full year 161 - 165 I00 59 72 46 40 26

WET

Apr-Sep 15 - 36 81 - I00 45 - 55 76 46 43 26
Full year 37 - 40 65 - 73 44 - 50 143 46 70 23

ALL YEARS

Apr-Sep              167 - 194 90 - I00 30 - 33 73 49 54 36
Full year 129 - 158 70 - 73 37 - 39 147 53 91 33

Col. 2 - See Table Vl-30.
3 - Obtained by assuming no change in salt load and flow reduction TDS=50 mg/L.
4 - Col 3 x ratio of upper San Joaquln flow reductions to total San Joaquln flow reduction.
5 - Obtained by pro-rating average TDS load increase between 1960’s and 1930-49 period (Tables Vl-31

and 32) in proportion to salt load increase in each year type (Table VI-9) and number of years
of each year type in 1950-69 period.

6 - Col 5 sal~ load for 1930-49 period x proportion of years in each class.
7 - Col 5 x proportion of total chlorlde load contributed by upper San Joaquln basin (Table VI-33)
8 - Col 7 x proportion of years in each year cla~.



I
Table VI,-33 PERCENT OF VERNALIS CHLORIDE LOAD

AN~ THEIR ORIGINS*

Upper Upper
San Joaquin Stanislaus Tuolumne San Joaquin
River Basin _"Others" River River plus "others"

Pre Post Pre Post Pre Post Pre Post Pre Post

DRY

Apr-Sep           107 86 -67 -55 ~ 2 57 69 40 30
Full Year 72 71 -22 -28 3 2 47 ~6 ~O 43

BELOW NO~4AL

Apr-Sep           83 8! -28 -49 3 2 43 66 55 32
Full Year 61 67 -I -21 3 2 38 52 59 1~

ABOVE NO~4AL

Apr-Sep 59 63 t7 i 2 3 23 35 75 63
Full Year 51 55 22 9 2 2 26 34 72 64

WET

Apr-Sep 68 ~ 37 25 2 3 t6 21 82 77
Full Year 47 49 31 25 2

ALL YEAP~

bpr-Sep            78 73 -11
Full Year ~ 62 7     -7     2 2

~Based on lo~-flow ~g~ssign salt ~lances.
Pre ~fers to 1930-191~ peri~ ~th 5-Dry, 1-B.No~.,.’7~A.No~., 2-Net
Post refers to 1952-1966 perl~ with b-Dry, 5-B.No~., 2-A.No~.,



TABLE VI-34. SU~.RY OF ESTIHATED IHPACTS ON THE QUALITY OF
THE SAN JOAQUIN RIVER AT VERNALIS

1 2 3

Total Increase in TDS mg/L Increase in total salt load
increase in due to decreased flow Vernalis total Increased caused by CVP
TDS mg/L at Percent       Percent Increase    % of Increase % of

Year Type & Period    Vernalis of Pre-CVP due to CVP Tons x 103 Pre-CVPTons x 103 Pre-CVP

DRY

Apr-Sep             327 - 363 84 - 100 1.B - 2.1 68 49 58 42
Full Year 239 - 261 22 - 26 6.3 - 7.4 143 55 102 39

BELOW NORHAL

Apr-Sep              132 - 141 I00 36 95 57 77 46
Full year 102 - 103 I00 45 193 62 129 41

ABOVE NORHAL

01 ~ Apr-Sep 65 - 97 I00 37 33 39 21 25
~ ~ Full year 161 - 165 100 59 72 46 40 26

oi NET

Apr-Sep 15 - 36 81 - I00 45 - 55 76 46 43 26
Full year 37 - 40 65 - 73 44 - 50 143 46 70 23 ~o-

ALL YEARS

Apr-Sep             167 - 194 90 - 100 30 - 33 73 49 54 36
Full year 129 - 158 70 - 73 37 - 39 147 53 91 33

Col. 2 - See Table Vl-30.
3 - Obtained by assuming no change in salt load and flow reduction TDS=50 mg/L.
4 - Col 3 x ratio of upper San Joaquln flow reductions to total San Joaquln flow reduction.
5 - Obtained by pro-ratlng average TDS load increase between 1960~s and 1930-49 period (Tables VI-31

and 32) in proportion to salt ioad increase in each year type (Table VI-9) and number of years
of each year type in 1950-69 period.

6 - Coi 5 salt load for 1930-49 period x proportion of years in each class.
7 - Col 5 x proportion of total chloride load contributed by upper San Joaquln basin (Table VI-33)
8 - Col 7 x proportion o~ years in each year c.lass



period and 250 mg/L for the full year. Of ~his increase the proportion due to

reduced flow from all sources was 90 percent in the April-September p~riod, but

only 25 percent for the entire year. The impact of the CVP on water quality

(as expressed by changes in TDS) in dry years, caused by flow reductions in the

upper San Joaquin b~sin, was relatively small, only 2 percent in the April-

September period and 7 percent for the entire year.

Salt loads at Vernalis in dry years were estimated to have increased in

the period subsequent to 1947, by 68,000 tons in the April-September period and

by 143,000 tons for the whole year. These increases corresponded ~o roughly 49

percent and 55 percent, respectively, of the pre-1944 TDS loads at Vernalis.

The CVP salt load impact in dry years was estimated at 58,000 tons in the

April-Sep~ember period and 102,000 tons for ~he full year, corresponding to 42

percent and 39 percent increases, respectively, of pre-1944 salt loads at

Vernalis.

Below Normal Years

In below normal years, the increase in average TDS concentration at

Vernalis between the pre- and post~CVP Periods was estimated at about 135 mg/L

for the April-September Period and slightly more than 100 mg/L for the full

year. Vir~ually all of ~his increase is a~tributed to reductions in flow from

all sources. The impact due to reduced flow attributed to the CVP was about 36

percent in ~he April-September period and 45 Percent for the full year.

TDS load increases in below normal years subsequent to 1947 are estimated

at 95,000 tons for ~he April-September period and 193,000 tons for the year.

Of this increase, 77,000 tons and 129,000 tons, res..Dectively, were estimated to

have been derived from t/~e upper San Joaquin basin. The proportionate impact
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of ~he CVP on salt loads at Vernalis was largest for below normal years, 46

percent of ~he total increase at Vernalis in ~he April-September period and 41

percent for ~he whole year.

Above Normal Years

In above normal years ~he average TDS increase at Vernalis, resulting from

development upstream after 1947, was estimated at about 80 mg/L for the April-

September period and 165 mg/L for the full year. Of this increase, ~he propor-

t_Ion due to reduced flow from all sources was 100 percent in both the April-

September and full year periods. The impact of the CVP on water quality (as

expressed by changes in TDS ) in above normal years, caused by flow reductions

in the upper San Joaqin basin, was 37 percent in the April-September period and

59 percent for the entire year.

Salt loads at Vernalis in above normal years were estimated to have increased

in the period subsequent ~o 1947 by 33,000 tons in the April-September period

and by 72,000 tons for the entire year. These increases correspond ~o roughly

39 percent and 46 percent, respectively, of pre-1944 TDS loads at Vernalis.

The CVP salt load impact in above normal years was estimated at 21,000 tons in

~he April-September period and 40,000 tons for ~he full year, corresponding ~o

25 and 26 percent increases respectively, in pre-1944 salt loads at Vernaliso

Wet Years

Ln wet years, the increase in average TDS concentration at Vernalis between

the pre- and post-CVP periods was estimated at about 25 mg/L for the April-

September period and about 40 mg/L for the full year. Of this increase the

proportion due to reduced flow from all sources was 90 percent in the April-

September period, and 70 percent for the entire year. The impact due ~o
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reduced flow attributed to ~he CVP was about 50 percent for bo~h ~he April-

September and full year periods.

TDS load increases in wet years subsequent to 1947 are estimated at

76,000 tons for the April-September period and 143,000 tons for the year. Of

this increase, 43,000 tons and 70,000 tons, respectively, were estimated to have

been derived from the Upper San Joaquin Basin. The proportionate impact of the

CVP on salt loads at Vernalis was 26 percent of ~he ~otal increase at Vernalis

in the April-September period and 23 percent for the fuli year.
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CHAPTER VII

I~’FECTS OF OPEI:~TION OF CVP AND

CHANNEL DEPTHS AND CROSS SECTIONS

The geometry of the channels within the southern Delta was studied to

determine whether the channel cross sections and bottom elevations have changed

since the 1930’s in such a way as to alter water circulation patterns and water

depths to a degree that modifies the southern Delta water supply.

Channel Surveys

Prior to 1913, most existing channels within the South Delta Water

Agency were well defined, due in part to the sidedraft clamshell ~redge which

was used over many years to construct the levee system within the South Delta

and to keep channels clean of sediment. Since 1913 most of the channels in the

South Delta have been surveyed several times. The results of surveys are

summarized if figure VII-I.

Available .survey data include :

Date of Source of
~%~rvey Channels surveyed data

1913 Old River - Middle River to Victoria Canal USCE
Middle River - Old River to Victoria Canal
Grant Line and Fabian Canals

1933-34 All SDWA channels USC&GS

1957 Grant Line and Fabian Canals, plus Salmon Slough DWR
and Paradise Cut

1965 Grant Line and Fabian Canals USCE

1973 Old River-San Joaquin River to Victoria Canal DWR
Middle River-Old River to Victoria Canal
Grant Line and Fabian Canals

._.          1976       San Joaquin River-Vernalis to Mossdale                           DWR
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reach of Old River between Clifton Court and the San Joaquin River is presented

in figure VII-2.

The diagram below illustrates the differences between average and maximum

depths and between LWD and MSL.

~ Approximate 1.0 foot
MSL

LWD

MEAN
DEPTH                        MAX

DEPTH

Bottom elevations of the major channels were further analyzed in .relation-

ship to the survey dates and the initial operations of the Federal and State

pumping plants.

San Joaquin River--Vernalis to Mossdale Bridge. Most of ~his reach

has aggraded since the 1933-34 surveys. By 1976 th~ elevation of t-he s~ream

bottom had risen 0.5 to 9.5 feet above the 1933-34 levels, with an average

increase of about 4°0 feet. The bottom elevation of the reach from Vernalis to

a point approximately 4.8 miles north of the San Joaquin River club varied from

2 to 7 feet below the LWD in 1933 and varied from 1.5 to 3.5 feet above LWD

in 1976. This aggradation generally causes a corresponding redu~_ion in

water depth.

Old River, San Joaquin River to and includin~ Salmon Slou~h. In 1973,

streambed elevations of this 7.5-mile reach were equal to or below that measured

in the 1933-34 survey. The 1973 elevations ranged from 8 to 24 feet below LWD

with an average of about 14 feet; the 1933-34 elevations varied from 8 to 17

feet with an average of about 10 feet. Therefore, during the intervening
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Figure Vll-2    CHANNEL PROPERTIES, OLD RIVER, CLIFTON COURT TO SAN JOAQUIN RIVER
(Data from 1973 DWR Survey, Datum is Mean Sea Level)
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40 years, the channel had degraded an average of 4 feet, but with very little

change in the upstream I/3 of the reach.

Old River~ to Salmon Slou~h to Delta-Mendota Canal Intake Channel. Bottom

elevations of this 11-m!le channel averaged 12 feet in 1913, with a range of 9

to 22 feet below LWD. The channel had displayed a 3oS-foot aggradation by the

1933-34 survey. However, the channel had not had any further significant

change by the 1973 survey. The 1933-34 and the 1973 surveys each indicated a

similar channel restriction near the bifurcation of Old River and Tom Paine

Slough. Maximum cross sectional depths measured in 1973 through the 4-mile

restricted section averaged about 6 feet wi~h a minimum of 4 feet with reference

to LWD elevation. The mean elevation of the bottom of the most restricted

area is about 2 feet below mean sea level as shown in figure VII-2o Where as

the maximum depth below LWD was about 3.7 feet.

Grant Line and Fabian Canals--In 1913 the elevation of these paralleling

7-mile channels averaged more than 20 feet below LWDo By 1957 they had

aggraded about 8 feet with an average depth of 12 feet below LWD, remaining at

that depth until after the 1955 survey. By the 1973 survey, however, the

channels had degraded to an average of about 16 feet below LWDo The channel

depths could have been influenced by maintenance dredging and/or increas~ s in

channel velocities due ~o operation of Clifton Court Forebay. Flow restric-

tions have not been apparent in these channels°

Middle River--Old River to Victoria Canal--In 1913, the channel elevation

of this 11.5-mile reach of Middle River varied between 7 and 18 feet below

LWD with an average of about 12 feet below LWDo By the 1933-34 survey, channel

bed had aggraded to an average of about 6 feet below LWD elevation. Further
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aggradation was shown by the 1973 survey to an average depth of 4 feet below

LWD elevation. However, the 6-mile reach directly north of Old River has only

aggraded about 0.5.feet since the 1933-34 survey. Both the 1933-34 and 1973

surveys recorded a restriction 0.4 of a mile north of the head of Middle River

with maximum depths of 1.0 in 1933-34 and 0.5 feet in 1973, below LWD elevation.

Calculated Hydraulic Resistance in Old River

The resistance to flow, assuming present channel’geometry in Old River,

was studied as a basis for examination of the effect of reduced water levels on

water circulation through this channel.

Using channel cross section data obtained by the DWR in 1973, the

hydraulic resistance characteristics were estimated for some 22 channel segments

of Old River between Clifton Court and the main stem of the San Joaquin River.

It can be shown by open channel flow hydraulics that resistance, the relation-

ship between head loss and channel discharge, is pr6portiona! to the square of

channel width and the 10/3 power of the mean depth. In essence, this means

that a narrow, shallow channel greatly restricts flow--much more dramatically

than might at first appear to be the case by inspection in the field. For

example, simply reducing channel width and depth by one-half each, thereby

reducing the effective area to one-quarter, increases hydraulic resistance for

the same length and roughness more than 40 time~. These effects are

especially evident in the central section of Old River in the vicinity of Tom

Paine Slough where mean channel depths below mean sea level average less than

3 feet and widths are less than 100 feet.

The channel cross sections and depths along Old River are illustrated

graphicallyin figure VII-2. !n figure V~I-3 the cumulative hydraulic resistance
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to flow is plotted for the entire channel from Clifton Court to the San Joaquin

River. The same data are visually keyed to a partial map of Old River in

figure VIi-4. It is noted that most of the effect, about 90 percent of the

total, is concentrated in a short section about 2 miles long in the vicinity of

Tom Paine Slough. This restriction was evident during the 1933-34 channel

survey. Obviously, this area controls the rate of flow in an east-west direc-

tion through Old River. Actually, it forces the largest proportion of the east

to west flow through Grant Line and Fabian-Bell Canals rather than through the

westerly section of Old River.

Sediment Movement

In 1950, theUSBR improved the operation of the Delta-Mendota Canal

intake channel by dredging the Old River Channel to a minus 17-foot elevation

from the Delta-Mendota Canal headworks downstream to approximately Grant Line

Canal. By 1969 the dredged channel was nearly obliterated by sediment which

continued to move into the Delta-Mendota Canal Intake Channel. The Old River

Channel was dredged again in 1969 and in 1974. Another example of sediment

movement is the accumulation of 60,000 cubic yards of sediment in Clifton Court

Forebay during the first 4 years of its operation.

During the same period a large but unestimated amount of sediment was

pumped into the Delta-Mendota Canal as suspended load and deposited within

the canal, O’Neill Forebay and Mendota Pool. The available suspended solids

data for both the DMC and State Aqueduct and vicinity are located in STORET, a

Federal data storage system, and summarized below for the period of record:
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Average total suspended solids
Stations             Period of record              mg/L ~ounds/acre-foot

DMC near Head 1973 - 1974 42.0 115

Delta Pumping Plant
Headworks 1973 - 1979 21.3 58

Clifton Court 1973 - 1979 41.6 114

Old River at Mouth of
Clifton Court 7ntake 1973 - 1974 44.1 120

Old River at Mossdale
Bridge 1973 - 1978 48.0 123

Old River opposite
Rancho Del Rio
(near Rock Slough) 1973 - 1979 23.0 63

The Service and the Department of Water Resources established a Scour

Monitoring Program primarily in Old and Middle Rivers north of the pumps to

identify any channel soouring. The Department makes soundings repetitively at

selected cross sections and the Service makes an annual aerophotographic survey

of channels contiguous to the export pumps. Results indicate some degradation

and aggradation at the selected cross sections north of the pumping plants, but

no overall erosion or scour ~atterns. There are no stations east of Tracy

Road in the South Delta Water Agency in the program.

IMPACT OF EXPORT PUM~S ON SOUTHERN DELTA WATER LEVELS, WATER DEPTHS, AND
WATER QUALITY

Impact of Exp. ort Pumpin~ on Water Levels and Water Depths

Any diversion from the Delta, including export pumping, lowers the

water levels to some distance from the point of diversion, and the lowering of

level is .superimposed on whatever level would otherwise result from the combana-

tion of tides and net advective or downstream flows. The effect of large
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diversions from Delta channels is a depression in channel water surface which

provides the gradient for the movement of water in all connecting channels

toward the pumps. The distribution of flow and the water level drawdown among

connecting channels is a function of channel geometry, roughness, pumping

rate and in the instance of the SDWA channels, the flows in the San Joaquin River.

A generalized impact of operating the C~FP and SWP export pumps is a reduction

of water levels and a modification of channel flows in the southern Delta.

The Clifton Court Forebay was incorporated into the SW-P primarily to

allow the use of offpeak power to pump water into the State Aqueduct and to

prevent channel scouring prior to the creation of a Delta transfer facility.

Water level data are available in considerable detail at a number of

stations throughout the Delta, including nine stations within the southern

Delta. Since the drawdown of water level by the export l~unps is superimposed

on the water level fluctuations that would otherwise occur, two approaches have"

been used to determine the degree and spatial extent of ~he drawdown caused by

the export pumps. These methods of determination include field tests and

mathematical modeling.

Field tests--Steady export pumping field tests were made in May and

August of 1968 wherein levels were measured at high and low export pumping

rates with other conditions substantially the same. These tests were precipi-

tated by concerns that export ~umping was a contributing cause of reductions in

water level such t.hat the operation of agricultural pumps in Tom Paine Slough

and in the southern portion of Middle River was restricted during low tide,

and siphons around Victoria Island were losing prime. Reductions in pump

capacity due to low water levels were also reported at the Westside Irrigation

156

C--115350
C-115350



District intake on Old River south of Fabian Tract. The test evaluations were

limited to low tide levels which were considered by the project operators to

represent the periods when steady export pumping has the maximum effect on

southern Delta water supply. However, the reduction in channel water supply is

also influenced by the reduction in tidal prism upstream from the export pumps

and this is related to water level reductions at all levels of tide.

The flows in the San Joaquin River near Vernalis were about 700 and 900 ft3/s

for the May and August testing period, respectively.

These 1968 tests are described and the results summarized in two coopera-

tive reports by DWR and the USBR, both titled "Summary of Effect of Export

Pumping on Water Levels in the Southern Delta." One report describes the

May 25-30, 1968 tests and was issued in July 1968. The other report describes

the August 29 to September 9, 1968 tests and was issued in December 1968.

Results of these tests indicated that steady export pumping at the rates

observed in the tests lowered the lower low tide level at Clifton Court by

0.07 to 0.08 foot for each 1,000 ft3/s of export pumping.

The effects of water level depression due to State and Federal export

pumping extends northward and eastward from the points of diversion. The 1968

test results in vicinity of Clifton Court, after correction by a constant

amount for the normal tidal fluctuation at Antioch (assumed to be outside of

the influence of the pumps), are presented in table VII-I.

The general effect of export pumping is to reduce local water levels,

creating a gradient toward the point of diversion and redistributing flows in

the principal channels of the southern Delta. Depending on the level of export

and rate of inflow to the Delta near Vernalis, the effect is sometimes to
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TABLE VII-I

1968 PLR~P TESTS RESULTS

--2 3
Difference in

May Test Aug/Sep Test     water level
6725 to 1950 ft3/s 6934 to 800 ft3/s depression be

.. Differential Differential tween pump
(4775 ft3/s) (6134 ft3/s) Col. l Co!. 2

Water Level Depression Water Leve! Depression

Stations Feet Ft/1000 ft3/s Feet    Ft/1000 ft3/s    Feet

Old River at Cllft~n C~l_~t_ 0.33 0.07 0.47 0.08 0.13

Old River at Tracy Road 0.30 0.063 0.40 0.065 0.i0

Tom Paine Slough above Mouth 0.29 0.06 0.35 0.06 0.06

Grant Line at Tracy Road 0.30 0.06 0.38 0.06 0.08

Middle River at Bacon Island 0.i~ 0.03 0.i0 0.02 -0.021~

San Joaquin River az Mossdale 0.14 0.03 .....

San Joaquin River at Brant
B__ridge 0.16 0.03 0.12 0.02 -0.04

Old River near Byron 0.29 0.06 " 0.32 0.05 0.03

Old River near Rock Slough 0.08 8.02 0.12 0.02 0.04

Middle River at Borden Hwy. 0.29 0.06 0.30 0.05 0.01

Rock Slough at CCC Intake 0.15 0.03 0.14 0.02 -0.01

~/This column illustrates that with an increase in diversion rate of about 1,400 ft3/s
the water level depression either decreased or increased only slightly at stations
beyond T~m Paine Slough. This is indicative of the significance of pumping impact
during the tests at these outlying stations.
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reverse the net flow downstream of the bifurcation of the San Joaquin and Old

Rivers.

Another examination of recorded water levels was made for the June 14-30,

1972 period. Dr. Go T. Orlob’s November 15, 1978 memorandum to the SDWA Board

examined the hydraulic depression created by the export pumps and the gradient

toward the expor~ pumps along various channels during ~his period. Table V~I-2

and figure VII-5 are taken from pages 8 and 10 of that memorandum. Table V~I-2

shows the drawdown of HHW indicated for various dates and export rates. The

period of June 22-25 was used to develop figure V~I-5o During this period only

the ~-~P steady expor~ pumping was being made. Figure VII-5 shows the difference

between Bacon Island tide levels and Clif~on ferry tide levels as a function of

CVP expor~ rates. The figure also indicates a high tide level depression at

Clifton Court of 0oi foot for each 1,000 ft3/s of steady expor~ pumping.

Data collected in 1977 was used by the DWR to compare two 15-day periods

with markedly different export rates and with other Pertinent conditions only

moderately different (see table VII-3). The period October 17-31, 1977 included

an average export of about 300 ft3/s and a San Joaquin River flow at Vernalis

of about 250 ft3/So The Period December 17-31, 1977 included an average

expor~ rate of about 9,400 ft3/s and a San Joaquin River flow at Vernalis

of 470 to 600 ft3/s. Table VII-4 compares the differences in the 15 day

means of each tidal phase between the selected control station at Rock Slough

and stations in the South Delta for the two periods. About 5,800 ft3/s of

this average expor~ rate was by the SWP which diverted at high tide. There-

fore, the differences in water level depression near Clifton Court was greatest

during the high tidal phase. The comparison between the October and December
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TABLE VII-2

EXAMPLE OF TIDAL ELEVATION DATA
FOR SOUTH DELTA - JUNE 1972

Export, ~Z3_!s                    HHW, feet MSL
Date       SW-P        Cg-P           Bacon Island         Clifton Ferry      AH, feet

6-16-72 2109 4191 2 . 79 i. 67 -1.12

6-17-72 2090 4196 2.34 i. 18 -i. 16

6-18-72 2382 4204 2.81 1.56 -i. 25

6-19-72 2331 4180 3.45 2.28 -1.17

6-20-72 2411 4233 3.42 2.22 -1.20

6-2!-72l/ 2362 3561 3.39 1.85 -1.54

6-22-72 0 2558 2 . 93 2 . 51 -0.42

6-23-72 0 1173 3.46 3.25 -0.21

6-24-72 0 923 3.25 3.07 -0.18

6-25-72 0 926 3.45 3.28 -0.17

6-26-72 487 947 3.69 3.52 -0.17

6-27-72 911 968 3.68 3.37 -0.31

6-28-72 945 965 3.52 3.17 -0.35

6-29-72 1564 963 3.35 2.98 -0.37

6-30-72 1682 1041 2.98 2.34 -0.64

6-30-72 1682 1041 3. l0 2.38 -0.72

l__/ Andrus amd Brannon Islands were filling due to a levee failure June 21 at about 0030.
The effect on the tidal elevation at Bacon Island is indicated in figure VII-6, where
a small depression in the water level curve is noted for about an hour fo!lowing the
break. It may be expected that this effect would have had only a minor influence in
the water levels in the Southern Delta.
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TkBLE ¥II-3

CLIFTON COURT FOREBAY

Month 0etober , 1979 Mo.th December 19 7"7

TIME TIME AMOUNT TIME TIDe ~OuN T
OAT~ OPENED CLOSED OF INFLOW

0AT~ OPENED CLOSED OF iNFLOW

IN ACRE-FEET ~N ~CR~-FEE~

17                         0
17               0016                                        13.231

18 lOlO 1329 198 0~30
18 0807 18<9

19       1800    1848         99                  220&                10, ..~..’’=
~17

20 2000 2050 99 19 08~0 I836
2325 I0,16~

21                   1311            1625                     595
20              2009      11,615

22 1733 2000 595 21 0005 2050 S,SA6

23 0 22 001~ 07ZO
1120 1645 9,332

23               0723             1640                    ~, 735
25                   1041            1217                     298

24 021~ 0710
26 0 0010 19D5 10,897.

27 0 2~ 0300 2153 13,n95

28 0842 I000 298 26 0330 2200 12,473

29 0855 0945 298 27 03~0 2200 II,n74.

28                 044~                                             Ii,43130                  0853            1012                     298

OO05
31                   I01~            1250                1,388                                             0517                                        12,083

30            0042
0530             II,3~

31                            ~
055~                In,hA3
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T.IBLK VII-4

F.XPOKT EFFECTS ON TIDE STAGESI--/

15 Day Mean Tidal Differences
between Old River a= Rock Slough

and indicated locations

1977

Oct. 17-31 Dec. 17-31
Tidal

Del=a Tide S=ations ~ 296 ft3/s-2/ 9,368 ft3/s~/

K~ 0.i0 0.55
LH 0. i0 O. 49
EL 0.16 0.41

i. Old River near B.vron LL 0.10 0.23

~H 0.02 0.52
LH O. 03 O. 4A ¯
EL 0.10 0.36

2. Middle River at Borden Hw7. LL 0.06 0.18

KH o. 04 1.08.
LH 0.06 0.95" ," "
EL 0.17 0.47 ’ .....

3. Old River at Clifton C~urt Ferry LL 0.09 0.32

H~ 0.12 i. 04
LH 0.12 0.88
HL -0.04 0.30

A. Gram=line Canal at Tracy Road Brid~e LL -0.30 -0.07

WR -0.13 0.55
L~I -0. Ii O. 42
EL -o. 31 o. oo

5. Middle River at Mowr~, Bridge LL -0.67 -0.60

H~ 0.25 i. 20
LH 0.62 0.99
EL -0.55 0.08

6. Old River near Trac,v Road Brid~e LL -0.93 -0.61

H~ 0.13 1.05
LH 0.13 O. 88
EL. -0.12 -0.30

7. Tom Paine Slou~h above Mouth LL -0.32 -O.13

H~ 0.02 0.57
LH -0. l0 0.3"7
EL -0.18 -0.42

8. San Joaquin River az Mossdale                       LL            -1.35        -i.01

Range of San Joaquin River flows near Vernalis was 232-268 fr3/s and 470-600 fr3/s
during =he Oct 17-31 period, and =he Dec 17-31 period, respec=ively.

Tracy Pumping Plan= and Clifton Court intake combined 15 day mean diversion ra=e.
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periods demonstrates, in general, that reductions in 15 day average water

levels due to an increase in export as measured in the prototype are of

the same order as those obtained in mathematical model studies to be discussed

later in the text. The reduction in 15 day average water level at high tide

at Clifton Court is a composite effect of high tide diversion into Clifton

Court Forebay and steady diversion into the Delta-Mendo~a Canal. The impact of

steady pumping is estimated to be about an average of 0.08 foot depression at

Clifton Court Ferry per 1,000ft3/s based on the analysis of the 1977 data.

The impact of intermittent diversion into Clifton Court Forebay at high tide is

approximately 0.14 foot ~er 1,000 ft3/s of average daily diversion. The

combined effect of steady and intermittent pumping was to depress the high tide

level by about 1.1 feet. Table VII-5 discusses the data and describes the

procedures used to calculate these estimates.

The above tests showed that water level drawd~wn was about the same in

Old River near Tracy Road and at Clifton Court. A depression in water level

was evident as far away as Mossdale. However, an exact effect at Mossdale

cannot be determined by tests in which San Joaquin River flows and agricultural

diversions upstream from the export pumps vary between test periods. For

example, in December 1977 t!le San Joaquin River flow was two to three times

greater, and the agricultural diversions were presumably less than in October 1977.

A graphic presentation of the effect of intermittent export pumping on

water levels at high tide is shown in figure VII-6. This figure shows the tide

levels during the upper portion of the tide at Clifton Court and at Old River

at Tracy Road on June 20-21, 1972, and compares them to the Bacon Island tide

level. During this period, the average daily export rates were 2,362 ft3/s
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Table V17-5. Impact of CVP and SWP export on
water levels in Old River at Clifton Court ForebayI

CVP-SWP mean Mean 15-day tidal elevation difference
Observation daily diversion between Old River at Rook Slough and

period rate in ft3/s Clifton Court Forebay in feet
CVP             SWP       HH              ~              HL              LL

October 17-31, 180 140 0.04 0.06 0.17 0.09
1 977

December 17-31, 3,600 5,800 1.08 0.95 0.47 0.32
1977

Differential 3,420 5,660 1.04 0.89 0.30 0.23

Steady pumping impact = HL Diff. + LL Diff.
2

average DMC Diversion in 1,000 ft~/s

= 0.30 + 0.23
2 " 0.08 ft/1,000 ft3/s

3.42

Intermittent pumping impact = HH Diff.- steady pumping impact
average daily diversion to CCFB in 1,000 ft~/s

= 1.04 - 0.08 x 3,420 = 0.14 ft per 1,000 ft3/s
1,000 of average daily diversion
5.66

Intermittent pumping impact -           HH - Steady pumping impact
24 hours

Average daily diversion to CCFB x
Diversion period

feet per 1,000 ft3/s of intermittent diversion.

1.04 - 0.08 x 3.42 = 1.04 - 0.27 - 0.096 or 0.10 feet
24              7.99           per 1,000 ft3/s

5.66 x -- 17

Total impact at high high tide - 0.08 x 3.42 + 0.14 x 5.66 - 0.27 + 0.79

- 1.06 feet as compared to the measured value
of 1.04 feet.

IThe rates of impacts identified in this analysis are approximations only.
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Figure VII-6 14A’I’ER LEVELS IN SOUTllERN I)FLTA, 20-21 ,liINE 1972

CVP Export ~ 4233 cfs S%4P Export (Avg) = 2411 cfs



for the SWP and 3,561 ft3/s for the CVP. The southern Delta tide levels

would probably have been about the same height as the Bacon Island tide in the

absence of pumping. Using the indicated difference between HH water at Bacon

Island and Clifton Court as the effect of pumping and the procedure outined in

table VII-5, it is estimated that the intermittent pumping impact was about 0.5

feet per 1,000 ft3/s of average daily diversion and 0.122 feet per 1,000 ft3/s

of actual intermittent diversion rate. The total impact was a reduction in

water level at high ~ide of about 1.5 feet, extending as far upstream on Old

River to Tom Paine Slough.

The comparison of the impact of intermittent pumping rates on the

water levels near Clifton Court in feet per 1,000 ft3/s of average daily

diversion is appropriate when the periods of diversion are approximately the

same. Comparing the impact of intermittent pumping during the June 20-21, 1972

period with the October 17-31, 1977 and December 17’-31, 1977 periods, in feet

per I ,000 ft3/s of average daily diversion will give a distorted result.

During the 1972 period the actual diversion of 10,300 ft3/s occurred over a

period of 5.5 hours whereas during the 1977 period the actual diversion of

7,990 ft3/s was sustained for 17 hours. The maximum pumping water level

drawdown on June 21, 1972, between Bacon Island and Clifton Court was 1.26

feet; during the 1977 period ~between R~ck Slough and Clifton Court the drawdown

was 0.77 foot. Expressing these drawdowns in terms of actual rates of diver-

sion for each period results in 0.122 foot per 1,000 ft3/s and 0.10 foot

per 1,000 ft3/s, respectively.

The .’Impact of export pumping on water levels in the vicinity of Clifton’

Court Forebay is relatively insensitive to the flows in the San Joaquin River
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aU Vernalis. However, the effects of export pumping on the hydraulic gradient

between Clifton Court Ferry and the San Joaquin River does vary with the

riverflows. The project impact on net flow rates and water levels in this

reach are greatest at low rates of inflow.

A mathematic procedure (Hardy Cross network analysis) was used to describe

the relationship between head loss within individual channels and the average

exports and flows in the San Joaquin River. A memorandum dated February 16,

1951, summarized the network analyses of the Lower Sacramento-San Joaquin Delta

that were made in connection with the design of the Delta Cross Channel. Copy

of this memorandum is included in Appendix 4. A simplified technique, based on

the assumption of steady flow with no ~idal fluctuation was used to demonstrate

the effect of San Joaquin River inflow on the distribution of drawdown related

to a constant export. This procedure assumes no agriculture diversion within

the southern Delta. (During periods of low flow this is selden a realistic

assumption. )

For ~he semi-quantitative use the various channels were combined into four

equivalent channels as shown.. The ship channel because of its relatively large

cross-section was assumed to act as a manifold at a constant level. The

resistance values represent channel resistance coefficients such that head loss

(h) - 5.543 x 10-8 rQ2 where the constant was derived from the Manning

equation.

Flow distributions were developed: Case A with 4,600 ft3/s export and a

downstream flow at Mossdale of 1,000 ft3/s, and Case B with the same export

(4,600 ft3/s), but a downstream flow of 300 ft3/s.
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Case A Manifold

Q2 in channel 2 = 50 ft3/s
r,=0.204~ Q

Q3 in channel 3 = I ,050 ft3/s ~/~ 50 ft

Z~h1 = 0.145,~h2 = 0.00014 1050 ft,/, ~--//DMC
~d ~h3 = 0. 1405 4600 ft ~/~ r~ = ~.~ I000 ft ~/~

The j~c~ion of chapel 2 ~d 3 which represe=~s Moss~le approx~ately is

s~jec~ to neglig~le ~aw~ (I 9erc~% o~ ~awdo~ at Tracy).

Case B Monffo/d

Q1 TM 3,870 ft3/s                  3870 ft~/s ~

Q3 = 730 ft3/s

DMC
~d h3 1 0 . 068 4600 f¢ 3 r~ = 2.3 ~ 300 f/

At Moss~le ~e ~aw~ (&h2) ~s 0.I02 or 60 ~rcent o~ ~e ~aw~

~e DMC intake.

The a~alysis indicated t/%at when the flows at Mossdale are less than

500 ’ft3/s a~d t_he pumping is approxLmately 4,600 ft3/s, the gradient

between the ~9s and t/%e bifurcation was very flat. Therefore, depression of

the water levels at Clifton Cour~ would be felt as far away as the bifurcation

and even upstream beyond Mossdale. However, with riverflows at Mossdale of a

magnitude of about 1,000 ft3/s, the gradient is much steeper and, therefore,

the pumping impact is less at the bifurcation.

Model Studies--Tests such as those just described in 1968 and 1977

are difficult to arrange. They are, therefore, limited in the range of condi-
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tions tested. Furthermore, conditions of tide, riverflow, and agricultural

diversions vary during the tests, thereby modifying results, particularly for

points far upstream of the export pumps. Therefore, it was necessary to

develop a mathematical model in order to examine a wider range of conditions

and to avoid the uncertainties of test data wherein conditions other than

export rates vary during the tests. A mathematical model for this purpose was

developed for SDWA by Dr. G. T. Orlob per his report entitled "Investigation of

Water Level Problems in the Southern Delta - Model Studies" and dated May 14,

1979. The model is a refinement of an earlier Delta-wide model which was

developed under Dr. Orlob’s direction and commonly referred to as the WRE

model.

It was first necessary to establish a reference station for southern

Delta tides. Delta tides do not correlate reliably with ocean tides for

various reasons. (See DWR-USBR repor~ dated September 1970 and titled

"Sacramento--San Joaquin River Delta Low Tides of April--May 1970.") The Bacon

Island tide station was, therefore, chosen as being reliably related to the

southern Delta tide levels which would occur in the absence of all pumping.

The m~del was calibrated so as to obtain a close a match as possible

between model results and the measured data from southern Delta tide gages

during various conditions of tide, export diversion, and riverflow. Comparison

of the model’s predictions and actual tidal curves for conditions of steady

diversion indicate that the model is a useful tool for water level studies.

The model still requires verification for some special cases ¯ However it

improves understanding of the interrelationships between water level changes.

and export pumping ~nder the dynamic conditions induced by tides in the southern

Delta.
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Table VII-6 shows the model’s predicted change in water level due to export

pumping at various southern Delta points and for various export rates. With a

CVP export rate of 4,323 ft3/s and no SWP export and a 550 ft3/s riverflow

rate at Vernalis, the drawdown of water levels by the export pumps is calculated

to be 0.52 foot at HHW and 0.40 foot at LLW at the CVP intake channel; 0.51 at

HEW and 0.47 at LLW at the Westside Irrigation District intake channel on Old

River; 0.41 foot at HHW and 0.37 foot at LLW at Old River and Tom Paine Slough;

0.35 foot at HHW and 0.31 foot at LLW at Old River and Middle River; and 0.34

foot at KHW and 0.13 at LLW at Mossdale. Steady pumping impacts predicted by

the mathematical model presented in table VII-6 is compared to the LLW value

calculated using the 1968 pumping test rated of depression presented on table

VII-I.

May 1968 Test1,2

Model Run Results

Old River at Clifton Court Ferry -.40 -.30

Old River at Tracy Road -.39 -.27

Grant Line at Tracy Road -.44 -.27

Tom Paine ~lough -. 37 -. 27

San Joaquin River at Mossdale -. 13 -. 13

IThe May 1968 test results were adjusted to reflect the same rate of
diversion as simulated in the model run, i.e., the 1968 test results were
multiplied by the factor of 4,32-----~3.0.90.

4,775

2During the 1968 test 10 to 31 percent of the flows diverted from the Delta
by the SWP were withdrawn from Italian Slough not Clifton Court Forebay as
simulated in the model study.

with the same CVP export rate and the same riverflow rate at Vernalis,

but with a 4,800 ft3/s average daily SWP export rate (drawn off the kigh
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TABLE VI~-6

SUMMARY OF NATER LEVEL CI~NGES IN THE SOUTIIERN DELTA
DUE TO EXPORT PI~PING BY TIIE CVP AND SNpI_/

|UH SD-29A RUN SD-29| RUt~ SD-30 RUM SD-]2

Qe(DflC) - ~323 Qa([~C) = ~323 Qe(D~:) - ~323

Q~(DH~ ) = q~2~ q.(~) - z~oo Q,(S~) - ~eoo q,(s~) - ~eoo
q,(s~)- o Qe.~/(SNP) - 2000 Q~p(S~) - 7~ qep(S~) = IZ.O00

Node ~catlon ~ ~L LLV ~v~ t~ ~ ~ LL~ ~ ~     LL~

l Bacon Is1. (Input) O O O 0 O O O O O 0 O O

20 clLecon ct. -O.3& -0.35 -0.34 -0.69 -0.~7 -0.3~ -1.08 -0.58 -0.34 -1.7~ -0.77 -0.2t
22 Old L e ~ -O.52 -O.A~ -0.~O -1.O1 -O.5~ -O.40 -1.17 -0.70 -O.3~ -1.13 -0.89 -O.32

26 RSID -0.SL -0.~7 -O.A7 -1.O1 -O.58 -O.~ -1.17 -0.68 -O.A6 -1.8~ -O.67 -0.38

32 Old R. ~ T~zcy ~. -0.~] -O,A3 -O.3~ -O.~ -O.5~ -0.~O -1.12 -O.6~ -0.37 -1.8L -0.83 -O.2~

115 GrancIfne e T(scy Rd. -O.4A -O.&O -O.~4 -O.S3 -O.~0 -O.46 -1.O~ -O.81 -O.~3 -1.76 -0.80 -0.36

3~ Tom Paine $1. -O.&l -0.42 -O.37 -O.SZ -0.53 -O.;0 -1.11 -0.62 -O.35 -1,~8 -O.8~ -O.3A

35 Sal~a SL. -O.40 -0.39 -O.33 -O~O -0.50 -0.37 -1,O~ -O.5~ -0.36 -L,73 -O.TS

39 Old ~. ~ HAddle R. -O.3S -Q.33 -O.31 -0.11 -O.~6 -O.3S -L.~ -O.5b -O.34 -l.13 -O.TA -O.3l

AA Old R. ~ San Joaquin -O.3L -0.27 -0.18 -0.65 -O.38 -O.2~ -O.89 -O.&6 -0.26 -1.32 -0.61 -O.2~

13~ San Jotq,i, J ~esdale -O.3~ -0.2~ -0.13 -0.66 -0.31 -O.2l -O.17 -O.~ -0.27 -~33 -O.&~ -0.31

i_/ Based on mathematical model analysis using a version of the WRE Hodel
2/ Qe is the average daily diversion

~/ Qep is the actual diverslon during H]~W
Note: Vernalls flow rate 250 rfs.



tide at about 12,000 ft3/s), the drawdown at the CVP intake channel is

increased to 1.83 feet at HEW and 0.32 foot at LLW; at Old River and Tom Paine

Slough it is 1.78 feet at HEW and 0.34 foot at LLW; and at Mossdale it is 1.33

feet at HHW and 0.37 foot at LLW. The intermittent pumping ~impact at Clifton

Court was calculated at 0.127 foot per 1,000 ft3/s at HHW, which compares

favorably with the rate calculated using the June 21-22, 1972 data (0.122

ft/1,000 ft3/s).

Impact of Export Pumping and Channel Configuration on Water Circulation
and Water Quality

Circulation of water in southern Delta channels and the related water

quality in those channels is influenced by tidal activity, export and local

pumping, inflow and channel configuration. Tidal activity is the dominant

factor influencing circulation for short time periods. For longer periods, net

flow direction governed primarily by export pumping" and inflows becomes the

major influence. The tidal circulation is determined by the excursion and the

volume of displacement during a tidal cycle, which are related to the tidal

prism upstream from any given station, taken together with the cross sectional

area at that station. Values of excLtrsion from a low slack to a high slack

tide range ~o as much as 3 miles in the southern Delta.

Net flow direction is markedly changed by various physical works such

as pumps, siphons, and tidal gates. Circulation changes have been studied in

the field and by models, both physical and mathematical. A relationship

between the division of flow at the head of Old River and export pumping has

been developed per figure VII-7. This figuTe is a modification of plate 1 I of

the appendix to DWR Bulletin 76. This plot depicts the flow split at ~he
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Water Resources’ Report ,e, ntltled Salinity Incursion RATIO OF AT LOCATIONS
and Water Resources Bulletin No. 76 Appendix on ON SAN JOAQUIN RIVER AS INFLUENCED
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bifurcation of 01d River and the San Joaquin River in relationship to the rate

of export pumping. This determination of the relationship is an approximation

because it does not account for the seasonally varying channel depletions

between Vernalis and the head of Old River and because net flows are difficult

to determine in tidal channels. However, the approximation is useful in

analyses of the circulation and water quality. Depending upon the rate of

export and local pumping, varying percentages of the San Joaquin inflow are

drawn toward the export pumps even to the extent of reversing the normal

downstream flow of the San Joaquin River below its bifurcation with Old River.

The induced flow toward the expor~ pumps is carried mainly by Salmon

Slough and Grant Line and Fabian Canals. Downstream flows in Middle River and

Old River west of Salmon Slough have serious impediments to flow in the form of

width and/or depth constrictions as prev±ously discussed. These limitations

are exacerbated to some degree by the lowering of water levels at the entrance

of these channels.

Hydraulic restrictions in Middle River and portions of Old River tend to

limit circulation and increase the likelihood of stagnation and poor water

quality. These conditions may be aggravated further by reductions in water

level, depth and/or tidal prism. Such occurrences are illustrated by the

behavior of Old River between Salmon Slough and the DMC intake channel during

July 1976, as shown in figure VII-8. The average monthly TDS concentration in

Old River between Salmon Slough and the Westside Irrigation District intake

generally exceeded 1,000 mg/L, while at the DMC intake the TDS averaged 312

mg/L. The rather large gradient of TDS between these two locations indicates

that the effects of tidal mixing, and any available advective flow is not
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Figure Vll-8 ~£AL DISSOLVED SOLIDS IN THE SOD._. DELTA CHANNELS*
JULY 1976

Stockton

o Grab sample stations
MIDDLE
RIVER                               ~Continuous sampling

stations

3459 :     : SAN JOAQUIN
cts ’--_-’~</~=~. RIVER

-~ Tracy
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HIGH~IIi
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E Salinity Range --~ 6oc - LOW,~
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.J

SWP DMC WlO UNION MOSSDALE VERNAUS
MIDDLE R. IS.

Sources: WPRS continuous EC recorders, grab samples by Westside Irrigation
District, Reclaimed Islands Land Co., Piscadero Reclamation District
and Nelson Laboratories.

*Where ranges are indicated, they represent extreme values of daily observation

or continuous records during the month. Where no range is indicated, data
correspond to a very small number of samples.
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sufficient to offset the effect of salt accumulation in this channel. Such

circulation as did exist may have been aided by the Westside Irrigation District

div~.’sion since there are no other significant diversions between the district’s

intake and the DMC intake.

The operation of the export pumps draws water from all contributing

channels, including the Old River--Salmon Slough--Grantline Canal principal

channel through which water from the San Joaquin River enters the zone affected

by export. Data derived from the Service’s continuous EC monitors show that

at low tide following a downstream tidal excursion the EC near Clifton Court is

generally higher than at high tide when cross Delta flows from the Sacramento

River are most likely to be dominant. As an illustration the quality of water

in San Joaquin River at Vernalis between July 9 and J~ly 18, 1978, averaged

about 635 umhos EC with no tidal variation whereas the quality in the Delta-

Mendota Canal intake channel varied about threefold" between the high and low

tidal stages. The 10-day average qualities in each tidal phase in umhos at the

various tidal phases between July 9 ~hrough July 18,.. 1978 were as follows:

Water quality
Tidal phase (micromhos)

HH 323
LH 212
LL 631
HL 385
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Middle River--Old River to Victoria Canal

This channel has aggraded since the 1933 survey from an average maximum

bottom elevation of 6 feet below LWD to an average maximum bottom elevation of

4 feet below LWD. About 55 percent of the reach, that immediately north of

Old River, has aggraded an average of 0.5 foot since 1933-34. The most restric-

tive section is now about 0.5 foot below LWD as compared to the previous

I foot below LWD. The channel conveyance capacity is quite low and often less

than the agricultural diversion rate. There is no evidence of recent channel

maintenance dredging (access to 55 percent of the most restrictive sections is

hampered by two fixed span bridges).

Old River--Salmon Slou~h to DMC Intake Channel

This channe! also has restrictive cross sections with maximum depths

of about 3.5 feet below LWD and a minimum mean depth of about 2 feet below LWD.

There has been little change since the 1933-34 survey.

Changes in channel cross sections that have been observed since 1933-34

are a consequence of modifications in the hydraulic regimen of the southern

Delta: export pumping by the CVP initiated in 1951, intermittent diversions by

the SWP commencing in 1968, and reduced San Joaquin River inflows at Vernalis.

The analysis of channel depths within the South Delta Water Agency does not

establish whether or not export pumping has caused appreciable siltation or

scour within the SDWA channels. Channel degradation in the reach of Old River

between Salmon Slough and the San Joaquin River is u~explainable. The channel

degradation within Grant Line--Fabian Canals could be attributed to expor~

pumping and/or dredging. This channel carries the largest proportion of San

Joaquin River flows which are drawn to the export pumps. The decrease in
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the bifurcauion with Old River. When the riverflows at the bifurcation are less

than 1,000 ft3/s, the gradient between the pumps and the bifurcation flattens

and the pumping ’effect is increased whereas at 1,000 ft3/s the effect is

relatively insignificant.

IMPACT OF EXPORT PUMPING ON WATER CIRCULATION AND QUALITY

During most summer periods, the San Joaquin River flows are now less

than the net rate of channel depletion within the SDWA. The induced flow

toward the export pumps which is caused by the drawdown of levels, is carried

mainly by Salmon Slough and Grant Line and Fabian Canals. Downstream advective

flows into the reach of Middle River between Old River and Victoria Canal and

in the reach of Old River west of Tom Paine Slough are generally less than the

agricultural diversions from those channels during dry seasons, thereby causing

water to flow into these reaches from both ends permitting accumulation of

salts from local return flows as illustrated in figure V!I-8. Both of these

channels have serious impediments to flow in the form of width and/or depth

constrictions as previously discussed. However, it is apparent that substantial

portions of low summer San Joaquin River flows pass through the upstream end of

Old River and Grant Line and Fabian Canals and are diverted with the export.

The increase in net unidirectional flow from the San Joaquin River

toward the pumps reduces the accumulation of drainage salts in the upper end of

Old River and in Grant Line and Fabian Canals. However, the drawdown which

causes this increase in flow does not necessarily induce net daily unidirectional

flows through Middle River in the southern Delta, or in Old River from Tom

Paine Sl’ough west toward the DMC intake channel as discussed above.
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6. Reduction in tidal prism with resultant decrease of tidal flows

and of tidal flushing of salts, particularly in shallow, or stagnant, or blind

channels.

This report does not attempt to quantify all of these .export pump

impacts or to determine the water levels, hydraulic capacities, and salinity

levels needed //% southern Delta channels. Water level drawndown, of the

magnitude indicated, obviously has an impact on water availability in the

shallowest channels, but determining the net effect on salinity due to changes

in advective and tidal flow would require additional study of the net effect in

each channel. Furthermore, the impact of export pumping also varies with the

degree to which San Joaq~in River flow and salinity at Vernalis are altered.
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966 lip 24.47 47,96 86, ~3 ~),41 65,17 16,~ 11,3o 9,95 I, fi2 6,11 b,54 6,07
967 lip 13,26 9,35 60,27 70,59 97,F~4 137,~ 225,40 267,20 329,1~ 107.20 10,36 23,~
96~3 lip 29.79 36,09 52,79 3~I, 72 15,90 2llo 53 2Fl, ()0 9,311 7.6fl 6,20 1.01 1.44
’~69 lip II,59 11.70 13,34 30P,o0 266.70 225,70 II~I, I0 359,4~ 233,60 41,12 I~,()9 2~,64

END [)F F I



I’1

]5 TIlE DA’I~ F;ILE FrOR "I’FIE:" ~CTUAL FLOW ~]" i~ZE ROAi]o F.¢RT[nL3E

[I[;’F NOV DEL’; JAN F:E B HAR AF:’R HAY JIJN 31JL A I,.ll] 5EP

1930 0.00 , 0.00 0,00 0.00 0.00 0.00 0.00 0,00 0,00 0.00 0,00 0.00
1931 0,00 0.00 0.00 0,00 0,00 0,00 0,00 0.00 0.00 0,00 0.00 0.00
1932 0.00 0,00 0.00 0,00 0,00 0,00 0.00 0.00 0.00 0.00 0.00 0.00
1’’/33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0. O0
19:34 0,00 0.00 0,00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
193[-~ 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0.00 0.00 0.00 0,00 0.00
19:]6 0,00 0,00 0,00 16, "~ .....’"0 =..~64,30 668,:~0 574,60 767,60 503o[10 150,60. 5,=3.       10 64,10
1’/37 102,50 106.60 161,00 176,70 617.40 722,1/10 70B,90 970,30 I]lB, 80 177,60 52.30 71.130
1938 110,50 1()0,1/10 0,00 :]41.20 126B,00 207"7,00 109:~,00 126.=3,00 1798,00 776.40 1|:.1.5.20 123.00
1939 140,70 206,70 206, t;O 216,00 212,40 114,60 90,20 I]4,70 43,10 34,10 36.:~0 51..=30
1940 1~4.20 76,40 fl3,1:10 194.70 394.30 707.20 727.90 643,40 527,20 99. [I0 57,90 91,20
1941. [’17,[10 [;1~1,70 166,60 .388’00 660,50 1094,00 819,20 990,00 1202,00 510.10 116,30 93.40
194’2 11B.70 113,10 241,60 464.30 547,30 468,20 572,00 737,20 1113,40 427,50 FJl:.l.lilO 10.1..50
1’/43 124010 115,90 210,10 247.20 578.00 IOB[I,:~O 773,60 683,60 565,20 113,80 79.10 fl5.70

. m’)
m’)

. . "; e1944 110,70 101 ..0 127,70 135,1/]0 144,20 218.60 100,.50 140,.:0 146,20 513 10 49 ,.0 5[! 40
194[:i 96,40 117,10 169,20 166,20 496,00 466~.+90 400,00 600,80 538,90 214,80 95,90 104.40
1946 150.50 177.60 2[1B,60 4,51.60 271.’I,00 171.60 217o50 557,40 2B2,70 79°50 62.10 74.20
.1.947 97,60 131,40 171:1o80 1 ’~ "9 , 27.6..., O0 llO,40 106,60 37,30 o10 40,30 26 10 30 60,60
1941] 71,30 B9.00 [10,40 65,90 34,70 25,40 29,30 J.23.90 323,[10 61 10 36....0 56 20
1.949 [IB,I]O 73,20 77,20 tl2.40 61,60 154,50 tl3,50 [13,90 75,30 24,110 30,[10 35.90
1950 66.50 82.40 84,20 BfJ, 90 145.60 88,70 172,50 99,00 178,70 33,00 30,60 46.00
1951 73.40 341.40 1003.00 455.90 474.60 351.30 93.20 271.90 159.50 41.80 35.40 50.[I0
1952 [12,20 74,80 140.60 445.40 546,00 698,40 942,50 1402,50 1006,30 171.80 76.50 79.20
1953 []8,40 94.00 175,30 279,70 15B.40 59,90 4B.70 66,90 161,10 73,70 35.00 51.20
1’/54 80.20 73.:~0 81,90 [14.10 104.00 201,60 179,60 270.20 60,70 33,20 31,40 38.20 .....
1955 51,60 59.30 72.70 13/,70 102.20 61,00 43,30 42,20 37,30 23.50 23.10 30°40
1956 37,90 47,40 394.60 1303,00 768,60 342,5’0 244,20 609.00 555,20 14fj,’60 103.30 97.00
1957 94,90 96,00 116,30 100,10 85,00 149,80 70,20 103,30 154,90 43.80 43.40 53.40
19‘=."iL’1 101,90 114,’.~0 130.20 103.50 239,40 668,00 15B3,00 1121,00 719,60 236,70 1.~7.:~0 112.90
19.~59 149.40 209,60 134,20 116,30 137,70 89,80 42,80 43,80 29,00 19,90 22.[10 39,20
I~60 45.50 52,50 61,40 B1.40 90,10 37.00 29,30 3:?,20 17,90 16,00 17,40 20. [I0
1961 37.90 52,10 69,70 76,10 55.60 25,30 15,00 24,40 13,50 9.60 12,00 20.00
1’/62 22.40 30,60 39,20 43.60 271 10 255,40 72,90 137,90 109,00 41.20 36,00 46.70
19t,3 64,30 70.30 101,B0 [13.50 374 70 110,40 384 70 410,40 293,40 77,90 48,[10 65.30
1’/64 136,10 155,60 173,~0 120,20 70 30 40,90 37 00 31~l,60 33,80 24,40 .~7,70’~" 45,00
1965 0,00 0.00 240.60 555,70 ;324 90 236.90 400 90 2:’~7.20 233,90 91,20 63,20 80,40
1966 151.90 173,[]0 297,00 24.5,60 16’? 30 100.10 41! 90 42,80 26,90 22,30 24.60 3.5.40
1967 57..40 67.40 2"::0.60 146.30 267 90 279.40 685 10 970,30 906.60 4~15.50 101.50 86.[10
1968 120,90 162,10 157,10 123,40 12:.’.’, 30 149.30 56 I0 45,10 29,10 27, [lO 42.B0 4[I. 10
196’/ 65,70 75,10 137,10 633,60 1559,0 1622,0 1117,00 1120,00 1350,00 .’-"r~’~,.:.,lO 91it,00 147,B0



I’II15 IS I)ATA l:ll.li F(III Till: "l’IJfll,IJt,tl’ll:" lllVF.It Fl,r]lq AT Tllql.U/4l’lli CITY.

IlCI" l,lflV DEC .ItcH F I’." P. H/ql APII ;~ t~y .IIII’I .IIII. AI, I L; %IiI)

930 I",; r).O0 r).00 t}.¢~ () .r)O Q.O0 ~}. ~3() 0.00 ~)..rio 6q.20 ,17. f~) 31.~
~31 FC, 50.30 0.00 r), f~ ~.). ~0 ."), (lO 0.. ~1 0. ,qO 16. ’50 15,7~ I .5,5n 15.4D I !3.40
932 rc IO.5o ~ o.oo o.r’~l o.r)f) r).~o ’).r)o r).r’)r’~ r).r~l r).~o o.or) 2 t.6o 23.40
9,’],] I., 60 RO O O0 0 0(’) 0 00 r).(’~ ,,-).~) 0.¢~0 lO.fln 00.80 25 70 I,).70 3u..sr)
93,1 I’~ 62.b0 0.~0 0.Q0 t). r’~l :). r10 ().r~ (). (’}0 I ~. n() 17.90 17.7n I’I. Of) I’I. I13
935 re 3.t.3o o.oo r).oo o.oo t.l.f~ .q.flo o.of’l o.t3o o.f)o 41.60 23.~1.r)
~36 rc ,1o.70 0.00 ().0(I 72.90 211. I0 24-/, f~o 109.20 32~1. If) 25ri.60 56.30 -2,i. ()0
v31 !c ~$Li. oO !i,l. 70 19.30 ,h(~. tlo ’ 1 61.30 210. 30 222. ~0 3f~r~.’50 222.. 20 34. of) 2 1.41) 36.

193R IC 5o.~.i0 70.30 OoOr} I~11.10 ,102.1N 444.10 "i42.70 30R.40 62,).00 IrlO. lO 4~i. RO
19,39 I’C ~7.30 125,90 ~P.I.,IO 70.00 !j~l.f~(} ,1~I.40 2,1.(;0 2rI.90 2i1, 10 21.5o ~I. It) 29.5o
19,I() I’C 50 50 52.f~) 90.,If) 9R.6r) 150.~) 29"1.20 264.20 213.20 18,1.10 26.70 21.7~
I o41 TC ,17,90 6,I, I 0 113.3~) Rfl, ,I0 132. uO 270,90 229.90 ~ I O. 90 39~. 4~) I 0o, ~0 4 Z. 3n 4
1942 I’C 03.%f) 6~.30 101.~0 144.a0 ll~l.~ 141.10 172.tI~ 265.30 445 90 131.RO 43.30
19.13 I’C 63 ,,10 5,1,40 132.60 9b, 3~ I I~, 20 3 DI ,iin 231,70 251. qo 214,30 3o. 40 3:~, 7~ 4,1.
194,1 I’C bO. I0 61.70 /fl.7~ ~i9.20 4~1.50 7,I.RO 35.20 63.60 40.90 21.20 22.00
19,1~ TC 46.~ir). 71 .(~ I Itl. tO 7n.20 Itl3.r)O 16I.90 119.o0 127.o0 23~I.20 113.~ 2o.60
I~,16 TC b3.9’1 115.~ 121.6fl 145.50 flS.~ 5lI..I0 l lrt.llO 282.50 19,30 3(I.10 2~1.20 24.60
1947 rc bl. it) 93.50 B6.20 ~5.,30 4~1.30 4~.~) 20.6(i IR. in 16.50 15.~0 17.3o
19,111 fG 411.4~ 67.60 53. in 41 .~)0 I 1.80 18. I0 2~.00 79.30 7,1.20 37.40 21.5~ 24.2~
19,19 lC ,ill.30 47.50 52.,iq 43.70 32.10 Ro.50 51.I0 31.~) 23.00 20.60 2q.~IO 19.50
IVbO [’C ,15.60 63.9~ 63.7f) 51 .~lO 79.70 51 .30 14~.70 60. I0 I.t.40 2,1.~ 21.00 21.3r)
Vbl I’C ,lI.Rr) 250 if) 522 2~ ~ r.... ().). ~ 16r). I0 lal .20 39.70 104.20 OR.40 25. I() 23.2n 21.70
952 I’C 5,1.3(1 ,IR.flO 911.~ 2n9.(~ IOtl.2(I 217.50 3~.70 4HI .5~) 302.3~ 50.~ 26. In 26.5~
963 rC 41.70 67.~) 1 32.2~ I 2~i.2~ 93.00 30’. 30 29.~0 36.~) 120.20 6~1.50 ~2. ~() 20.10

9b~i i’C 31. ,I~) 38.90 ,16.40 72. I 0 ()g. 60 37.9~ 20,40 I O. t~) I 7.20 16.3o I (}. 20 22. ~    -.
1956 [C 22.~ 3,1.rio 294.~{Q 507.~ 236.10 145.20 10~1.80 204.30 190o80 69.50 5o.40 52.30
957 FC 51.30 6,1.10 ~10..10 5[~.40 31.60 70.30 29,30 31.40 - 51.10 21.(~ 20.70 21.40

IVb~] TC 60.60 118.90 96.R0 t~5.60 9~). 10 2rill. I0 53r).50 4,1,1.30 305.~ 104.00 2q.60 46.90
IVbu 1~ 93.(~0 162.00 96.10 (~).7(1 92.60 46. If) 21.40 20.50 17.40 16.40 1~$.60 16.80
1900 I’C 26.20 34.20 ,12.20 4~.50 39.60 21.10 16.40 15.40 13.40 I.!.40 13.20 1,1. I0
Ivtil i’C 27.40 35.80 52.10 ,13.20 23.90 14.80 I1.~ I O. (~0 9.00 8.80 10.50 13.60
1962 l’C I,I. 60 20.30 16.6~ 12.60 102.20 120.20 37.90 22.30 IR.60 17.90 I ~).20
191~.] [C 42.50 60.10 105.50 54.10 O.rX) 0.~) 151i.20 125.20 122.10 4,1.6f1 25.10 23.40
1~6,1 rc 69o30 131.10 147.30 73..10 37.R0 19.311 1(~.50 I’i.50 1,1.30 12.50 12.60 1,1.40
I,)65 rC 21 .o0 fl2.tlO 189.40 37R.,i0 20~.ttO o7.70 240. I01 ll9.OO 107.50 45.f10 25.90 0.00

Iu67 IC 34.40 ,I0. I0 164.70 110.90 14.I,HO 201,50 3,II.I0 23~1.40 326./10 21~1.50 2’i.(# 23,10 ,
I#()tl TC ,IO.’I0 116.60 94.70 03.70 ~o,fln 92.10 2fl. RO 14.o0 12.~ 12.40 I’i.3n 15.20
1969 fC 23.50 30.~1 9~).lf) .3’-J{>.20 417.60 21t9.70 2llb. lO 376.80 45~1,20 HR.60 14.50 35.20

EHI) [IF FII.E .



IIII,~; I:; .TIIE IIA’I’^ Fll..li F[IR S^H .lq^nUlll ItlVFR FI.II,I ,~’I’ rll-.’~’1’l^H.

1930 tqt{ q. q¢l ~{. 50 9.70 26.30 I o. ll) 29. ~]~1 I 9. ~)~1 2n. I n I q. oO 12.7n I R. 40 12.30
19‘31 HI,I I1.10 ID.OD 14.60 2R.Ilf) 2!3.1fl 17.1c1 7.30 7,10 6.RO 3.(~ ~,6fl .1.

1933 1.1:4 IO.70 I 3.!10 2,1 .(~0 62. I0 9,1.o~ 3~1.90 2,1.30 27.,1~ 9,1.00 21 .6q I 2.00 I,i
IO34 ;1~1 11.7�1 ~.~ 21.{10 R(>.I~} 6R.20 40.o~1 15.11(1 12.1n 1~.9n ~1.20 ,].60

1’)36 tl~ 31.f10 3~!.~1 tY;i.,10 7~2.2,1 3H’1.9~ 3,19.b~ .16~1.R0 4bl.4(1 222.9~ 11.4~ 26.~1 26.3~
19,37 llt.I 2~.20 36.40 11,(~1 lfl, l .60 4~1"!. Ifl 41~). lq 4 !3.~ 52~.~0 4-/~). I0 1(1o.40 24.;~) 26.30

9,~ 11’,t II.Or) 11.3+ " ,r~) 13b.lO 26r).i10 411.7() 394.~1~ ,12(~.40 32,1.10 %5.50 22.8(1 23.~0
~o,II N.~ 20.1~ 12.# /.50 27rl.~). 5.1;-I.(~ 769.9~1 54H.2(1 6~1().%(1 "lr".).).o~ 345.50 4,1.4Q 29
o,12 llt,I 2~i.20 2b, )(1 25 ~1 !1,1.3~ 3~1~1.60 2~1~i.7(1 37~1.0~ 427.q~ ~5T. I0 2,1o.70 11.30 3r).4n

94,1 I1,1 29.ri~ . ,O 37 Illl 7,1. I0 }17.20 129.r~ 51 .o0 61. I0 ~8.4n 31.40 2%. f~O 25.H0
9,t5 tlt.t 31.1C 3~.~ 45.1~ R2.RO 311.}1(1 274.3(I 25I.70 41,1.~1r} 301.50 107.10 51.80 41.20
9,1(~ I~ (~1.~ "14.30 155, ()0 27~f. I0 Ii�~. I~ R3..30 91.o0 25(). ~1(1 1211.90 4n.llO 2,).Or) 3,1.30
941 tl,.t 2(~.~}11 30.30 81 .~(1 92.nn (~).-In 54.~3 2t~.6{1 4{1.n(1 2~1.1]0 20. I{1 11.40
~,1~1 ~-14 1,1.1~1 1,1.70 15.10 IIt.~ I1.~1~ 13.10 21.9B 35.7~ 136.6~ 2~.~ 2’1.1{]

1~9 ~t,A 20.1~ 3.20 13.2Q 21.9~1 !~.t10 59.~10 29.2(1 3~1.~) 49.~I0 14.60 15.60 1~.70
9bO H:.I I0.00 I .flO 12.50 2t}.,lO ~1.60 3,I .~) 3.3. ~)0 3,1. I(1 60.90 13.70 I..I .20 IH.,In
951 H:,I 12.~0 1.10 40~1.’1(} 253.,10 295.‘30 142.30 ,11.40 I1~).~ 4~.a[) 20.6~ I tl.6O
962 ll~t 16.90 ,I.ilO 30.611 25[1.(~0 ~l(~.~O 3fl6.80 52’$.6C1 6~17.~ 625.30 71.2Q 3,1.b(1 36.40
o53 ll;4 211. I0 7.~ 5~1.7(} 1,19.9[1 45.70 21 .~1 22.l!~ 31.40 2rl. I0 14.30 I,l.lln 22.3o
9b,I fl;.I I’i.60 2.40 14.7o 23.h0 5.’t.50 54.~)0 5el.4r) 121.20 32.hfl Il.flr) I 1.30
95b 11’4 I0.t!~) 2.40 16. Ill 5(I. I0 29.30 21.40 22.40 2&.50 20.50 !5.20 I.l.bf) I,t.40
956 ll.I IO, If) 9.70 19}~.2f1 711.,i0 50~.40 1fl6.10 7~1.9(1 2114.5fl 261.10 46.70 26.’I0 3n.60
957 !.1~ 2(~.7t) 5.60 15. IO 26.40 37. I0 75,70 ,15.40 4~1,5f) 1(1,1,20 21.00 21.7{) 22.50
~b~t !-1,4 19.,10 2.(~(1 11.70 43.oQ I II .70 3111.7(1 827.30 659.40 426.10 R4.60 31.50 37.0n
#b9 r.l:4 25.~0 3,10 14,90 35.~ ’ 4~,~ 28,~ 2,1,o0 26.~10 i~,2Q II,~Q 11,4f) 12.90
9(;0 ~1~4 9. I]~) 9.90 12. RO 2,1. ‘30 4 ~. 50 I ~. 50 I 6.40 I q. 70 12. ~ o. t]O I 0.40 7.
9(~1 ~1;I 6.,i0 0.50 1.1.40 24.60 21 .rio 13.!10 II .20 I,l.bn 10.40 6.~ 8.30

#6‘3 flq 15.40 15.90 19.10 2b.l~O 156.40 51.50 133,,10 2r~}.40 12~.20 27.5n 22.80 25.10
~9(~4 I1~t 31.20 23.40 23.3n .31.20 1~l,7n IfJ.70 IH..]o 21 .(~0 I,).~)n I 3.0n I 1.4n
V(~b II?A 3~1.b~1 41.1{1 61.40 2,17.10 ’~1.10 12~).20 1%%.7(I !1f1.50 113.30 32.00 21.40 31
066 tl-I I o. ~O b2. tlO I 30. I [) ~)7,7/) 31. ~ 24.40 23. I 0 21.40 16,60 12.60 I I, I 0 I I

v6~ H.4 2~1.30 3b.2(} 3~1,o0 ]32.,1() # 1~.,10 112~.~ 750.00 l~iH. 30 B30.70 14o.40 6 1. If)
I~NI) IIF I]!1.1]



I ICI" IIIIV I) I!t; ,!/~fl F I!!I M ^ll ^ PI? +! 4Y . ltllt .11 I1. /~ Lit; ’Jlil~

1930 :,~t{ q. ~,~r) f!.bO 9.70 26.30 IO. 7~ 2.~. ~]fl I q. CX} 2n. ln Iq.O0 12.7~ 12.40 12.30
Iq31 ~l;,I I1.10 I~.()n 14.~O 2R.;1~) 2~3.’I~ 17.10 7.3~ 7,1~ 6.~O 3.C)n ~.On
I q32 I,Ith ,I. 5~1 ~i. I O 2,1. RO I ti I. ~ .3Oq. I~ I 4 I. ~ 9(~. 4(I 22 3. ~ .33~. ~ I ~,l. ~ 21.2¢) I
1~33 I.I;4 IOo70 I 3.~30 2,1.(~O 62. IO 9,I.�~O 3~1.*)O 24.30 27.,I~ 9,1.6D 21.60 I 2.oo

193~ ;1~! 7. I~ R.,IO 1+].50 I IO.40 I I+1.~10 1~]2.60 t6+1.3~ 43n.~ 375.30 7R.+10 22.~1D

V37 rig 2~.20 36.40 17.60 ln,l .60 49’1. It} 41t~. I~1 413.nn 52}q.~0 47o. IO I(1~.(~(} 24. ;]0 26.3!1
g3~{ H~,i 2~t.6(} 21.~ i14.1~ 233.~0 797.~1D 14,1t~.~ (~}13.~1(} q41.2~} 1250.~ 53n..30 !~I.30

~,00 I14 13.o0 11.3~ 26o~) 135.10 260of10 411.~() 304.~1~ ,12(~.40 32,1.30 ~.SD 22.~](}
{~,II ~,1.4 20. I0 12.Ro 7q.51} 21fl.40 ~.3~l.~to 769.9~) 54il.21) 611~.~$(} -/~,.~.oo ,345,5(} 4,1.4Q 29.60

9,t3 I1,t 33.~0 43.00 lq.~lO 1(~.3.10 4n5.10 "16~.~ 5hS.nO ,137.3(} 325.2~ 52.11~ ~1.50
94,1 II ,1 2v.~o 1 0.70 37.110 7,1. IO 111.28 129.~ 51 .o0 ~1. I0 1~8.4n 31.40 2~$. (}O
9,15 ll~,l 31.1f) 35.~ 45.10 R2.1~O 311.~1(} 274.3(1 25I.7~ 41,t.~0 301.50 IO?.1(} 51.80
~,16 I~ (~1.~ 74.30 155.(~0 27}1. IO I iR. IO R3..30 91.~O 2bq.go 12~].90 4n.ll{) 2q.~) 3,1.30

g,tll H4 I,I. Irl 1,1 .?O 16. I() IR.~ II ,110 13. I0 21.90 35.1~ 136.6~ 20.~ 2’}. I0
9,~9 tl.,I 20. 7~ 13.20 13.20 21.9{} 19.R~ 59. ~10 2g.20 3R. ~) 49.~10 14. (~O 5,60 I f~. 70
950 H:.I I0. (~O I I .rio 12.50 2,2.,10 60.60 3,1 .~) 33. ~)O 3,1. If) 60.9D 13.70 .t .20 IH.,In
~bl tl;,I 12.60 61. IO 40~1.70 253.40 295.30 14~ .30 ,11.~O I IO.~ 4~.HO 2Q.(~O ~1.60 23.~
952 ~1~ 16.gO 14.1{O 30.6f1 ~50.~)~ ~I6.BO 3R6.BO 525.6~ 6t11.~ 625.30 71.20 3,1.50
~53 11:4 2~1.10 17.~ 58.70 1,19.qf) 45.70 21.~1 22.R0 31.40 2rl. IO 14.30 ,I.}ln 22.30

195,I /1;.I I ~. (~O 12.40 14.ln 23.60 54.50 54. ~) 5~1.40 121.2~ 3~.6~ I1. R~I 1.3n I! .~
1~55 Iit I0.11~} 12.40 16.1f1 50.10 29.3n 21.40 22.40 26.50 2~.50 15.20 .1.5~1 1,1,40
1956 fl.t IO. If) 9.70 19}1.2{1 711.,I0 50R.40 Ill6.10 78.90 2F14.50 261.10 46,70 2+>,70
1957 I1~ 26.7+1 15.6D 5.10 26.40 3I.IO 75.70 ,15.40 4R.50 1{14.20 21.(~ 21.7f1 22.50
19bet ti~4 19.,IO 12.60 7.70 43.oQ 111.70 31~1.7(} R27.30 65g.40 426.10 F?4.60 31.50 37.00
1#59 H:4 25.~>D 13.10 6.90 35.~ ’ 42.90 2f1.~ 2,1.90 26.s10 16.20 II.~n 11.40 12.90
1960 ~1~4 ~. I10 9.90 2.RO 2,1.30 4~.50 1~.50 16.40 Iq.70 12.~ o,f]O IO.40 7,RO
961 H;i 6.,1~} o.50 3.40 24.60 21 .Ill) 13.!10 II .20 14.5n 10.40 6.~ 4.30
#t)2 lltl 5.60 f].30 i.6q 2~1.30 I #3. oD 1,11. I0 .3]o 20 64.qO 94.40 22.30 I’~. 30 If{. 90
963 ~1~1 15.40 15.90 9.10 2~.f]O 156.40 53.50 111.40 2f~}.40 127).20 27.50 22.60 25.10
964 Ila 37.20 23.40 23.30 31 .20 1~!.70 1~.70 l!1.30 21 .(~0 19.g8 I ].OO I 1.40 20.50
V6b I~;~ 3~l.bf) 41.10 61.40 247.10 ’~1.10 i2q.20 I~b.711 11~.50 113.30 .32.00 21.40 31
tJ6(> ll.I Iq.~+O 52.~10 130. IO ~37~7(} 31.00 24.40 23.10 21.60 16.60 12.60 II.IO II

~#6q FI4 2~.30 35.20 3~{.00 332.,IO 9 1~.,10 112q.m 75().OO ISR. 30 830.70 14o.40 6 ]. If)



OCT ~(]~ I~EC ,.J~N FE£~ HhR ~I~:’R H~Y Ji.J~ JI.JL ~l.J(] Sf~P

1930 VII ’? 70 12.20 57.20 102 10 I~:12.50 400.50 713.70 796.30 773.60 1.~ .... ~0 34.04 20.4&
1931 VLI 27.36 51.51 33.67 70°02 107.90 167.30 422.95 563.45 :LSI. 50 36.70 17.60 10.19
1932 Vii 12.00 24.20 316.80 236.00 6110.60 524.40 [)17.60 1673.20 162B.70 561.60 II .... 10 35.40
1933 VU 29 60 22.B0 3~.30 BI.40 91.40 237.10 535.20 794.20 1.~00.30 245.70 54.50 ........
1934 VU 12.10 28.90 125.70 163.90 230.60 425.00 544.9<) 420.40 239.70 56.20 24.20
1935 VU 33.30 1()B.50 130.40 300.40 290.10 404.30 1414.60 1721~.90 153~.80 348.~J0 91.30
1~36 VU~ 34.90 52.20 50.40 234.90 1009.00 625.40 1250.40 1662.00 1096.00 376.40 82.00
1937 V[; 26.30 33.20 94.00 112.00 f]63.50 655.90 956.30 2149.40 1212.80 335.00 70.10 21.60
1931] VI.I 27,30 47,00 844,40 291,00 945.80 1425 "~ "     "’~,~0 1389,00 2498,80 2.459,60 990.10 ,.43.~.0
1939 Vl.I 119.~7 117,63 97,90 11~,67 ~’~.39..~ 393,74 850,90 638,68 253,55 1~13.4[I 36,58 45.47
1940 UI.I 111.51~ 47,24 50,10 614,27 691],75 967,46 i()55,72 1780,52 1005.96 206.3~ 45.40 ~3.40
1941 UU 32,20 39,90 361,60 348,00 659,20 785,50 866,60 2202,30 1705,30 745.50 156.20 42.70
1942 Vii 47.20 97.50 409.60 478.10 431.20 473.’70 107~.90 1577.10 1[190.70 749.60 133.50 34.70
I~43 VU 31.5~ 20~.75 23~.59 715.74 4~0.72 1181.94 1254.17 15~1.95 997.98 434.53 10~..3l~ 32.44
1944 VU 34.92 47.17 62.51 113.~0 215.08 . 406.96 487.()~ 1372.99 ~103.72 313.03 ~t.72 20.05
1945 UU 30.02 232.17 214.58 162.62 911.63 52~.~49 92~.16 1529.06 1387.33 533.99 120 "~
1946 V{.; 1~2.~5 257.53 555.41 339.16 206.58 479.22 1091.18 i521~44 7~3.0~ ’23~.60 60.20
1947 VU ~7.02 197.81 241.00 138.66 229.90 392.55 604.57 1055.02 370.13 (~9.69 22.12
1948 VU 8B.()6 67.42 50.83 96.56 74.’B3 188.55 649.70 13;~().41 1271.07 285.30 4~.27 19.42
I~49 V;J 25.05 33.85 57.56 61.96 107.02 336.65 890.61 135~.82 73(,.33 130.67 3;~;.~;9
1950 VU 20.80 43.23 45.12 200.66 348.87 366.58 103~.36 1419.17 901.25 215.82 3~.69
1951 VU 58.29 1395.26 1494.97 478.~2 429.31 501.43 763.11 1080.94 753.76 235.20 54.14 16.~
I~52 Vl~ 35.~2 78.22 322.04 617.42 418.42 716.58" 13~3.43 26~17 i910.71 .... 8B5.42 "’21;~.67
~.953 VU 37.20 49.17 101.67 367.88 180.56 292.57 798.35 785.41 1124.88 47~.18 65.00 ’22.44
1954 VU 27.02 50.33 60.65 116.5~ 258.36 585.B4 1063.52 1371.46 569.67 163.~3 31.12 16.19
I~55 VU ~;~.50 49.04 124.B4 176.51 169.95 249.94 439.02 1128.28 925.17 177.11 36.61
1956 VI.I 17 30 40.00 1831.30 1207.30 494 10 555.00 9.~3.60 1846.70 1761.00 759.90 176.70
1957 VI.I 67.70 75.60 69.00 94.70 294.00 422.30 540.30 118B.I0 1209.10 250.70 55.20 ~.J
I~58 VU 45.14 61.08 133.25 169.38 491.84 774.B3"1319.13 2535.~13 II~122~49 722.78 217.41 73.65
1959 VU 38.65 37.~9 33.39 174.57 330.68 375.87 694.22 667.98 410.46 82.76 21.~9 111].67
1960 Ul.; 37.82 26.55 30.64 68.38 291.52 398.28 703.09 847.07 443.46 77.27 23.20 13.63
1961 VU 16.37 57.31 92.03 56.44 119.50 195.99 481.55 606.47 353.92 57.17 43.76 19.51
1962 VI.! 18.65 32.64 66.90 68.87 673.90 399.52 1240.79 12i7.04 1362.56 427.62 BI.69 21~l.67
1963 VU 56.49 31.6~; 66.20 2[]5.40 907.54 343.03 728.87 1683 95 1386.11 575.68 1..I:I.36 ..,6.115
19(~4 VI.I 5~.B5 256.7B 134.83 143.59 133 16 206.91 49~.i.61] 903 16 6i2.32 135.B5 4~.~.II]
1965 VU 69.12 153.05 1143.86 877.22 437.81 455.60 964.37 1381.29 1423.25 710.37 353.72 138.32
1966 Vl.l 38.66 350.81 238.94 223.72 202.78 438.75 940.10 1066.90 322.48 96.33 41.29 24.95
1967 VI.I 29.44 132.56 663.70 377.93 349.53 912.80 930.90 2165.70 2487.10 1517.20 309.30 1~.6.57
1968 VU 50 70 53.60 94.00 125.90 352.60 343.90 ". .~7.~.30 I]OI.BO 392.20 86.40 43.40 21.70
1969 VU 37.40 182.00 219.70 1677.70. 919.70 808.10 1564.90 3217.00 2321.~]0 1036.50 241.60 6B.90



[Ills IS rite I)A’FA Fll, E FOIt LINI~IPAI#F,I) .SAN .IflA(,)tllN I~IVEIt Fl,(lll (KAt-) AT FltlAN’I’.

OCT N()V I)!:.C ,JAN

193q Fir 5.nrf ’5.20 R.3f,! 1~.2n 3’5.60 ~tp.rlfl 1,55. In 213.50 243.6n 60.~�(~ 16.{)0
1931 FR 10,60 13.4n 10.2n 16,~) 23.4n 3R.oo Inn. 20 173.50 59.70 16.nn II. It) 1.20
1932 Fll 5.9~ q.40 71.nO 58.9n 161.70 ,156.60 23B. In 491.~ 543.6n 23R.t10 51.40 4.7~
1933 Fit 12.60 R.9n 14.6n 2(~.50 3().~ 73.40 159.00 213.4n 410.10 IIR.gN 29.3n ,I.70
1934 Fit 6.RO 10.30 3R. 10 4~.Rn 50.30 Ing.4n I~. In 146.20 6R.90 21.30 13.,IU 1.9~
1935 Fit 12.40 26.~n 36,20 72.50 R5.2[} IlO,OO 356.80 496,~]n 519,20 144.2N 43.R~
193~ Fit 13.60 15.Ro 16.40 .3R.30 195.90 163.5n 3,1R.6n 51n..~X) 34-1.-i0 150.50 42.1{)
1931 Fit In.90 12.6n 36.40 ,3a.90 252.7n 190.60 3n3.RO 104.Rn 456.80 159.7n 3,1.0�~
193’1 FIt 9.fl~ 12.30 21().7n 10.9~ 2n7.30 433.~n 434.2n 795.00 912.7~ 431,20 127.90
1939 Fit 3R.O0 33. IN 28.70 32,70 43.3n 102.RO 239.90 20fl.fln I In,3() 43.40 24.~]n 14. I0
194r~ Fit 34.~]0 1,1,20 II ,40 134. If1 139.R0 210. o0 2o().On 55R.40 362.9n 96.40 21.20
1941 I:1~ In. lo 11,Tn q8,4(I In5,80 If!2.Rn ,20R,6(} 242,40 lll,2n 641,50 330.en 85,8r) 23..10
1942 Fit 21.50 30.30 96.00 113. In In2.60 12R 5n 298.50 465.,10 632,6~ 284.~) 64.70 16.70
I943 Fit I0.10 42,50 43.40 169,70 113,30 261~0 33h.10 502,5[~ 325,10 178,~n 49,9n Ib,60
1944 FI~ 10.sn 15. I0 19,RO ,]l.?n ~i5.40 111.69 140.At} 4nR.20 279,50 142.60 3~.Q(} 15.7n
1945 Fit 12.10 58.4n 56. I0 44. I0 237.7n 147.~0 275.9f~ 47~.Rn 4R7.60 24n. 20 73.~
1946 Fit 59.1N 65.60 IIR.3n IR.go r;3.RO 125.An 310.4n 463.90 279.9q 117.qO 36.90 9.
19,17 Fit 2B.50 64.9n R4.So 47.70 64.~ 100.30 171.~) 347.7~ 145.~ff) 42.7n I~.£n 1.60
194R Fit 22.Rn IR.20 15.4n I~.~n 20.20 42.6n 144.60 39n.60 372,60 107.90 26.n0 5.nn
1949 FI~ 1~.50 7.90 14.60 1~.20 25.9n 7.3.(~ 2.14,~n 409.5~ 268.30 63.2n 25.4n 4.~)()
195o Fit 9.An I~. I0 17.2n 43.20 9n. lO ~9.6n 2RO. IO ]79.00 262.9n R/.O0 21.7n
1951 I:lt 17. I~ 247.nn 300.40 I I 1.20 10,1.2n 110.20 2nl.9n 321.o0 27R.[X) 114.7n 31.70    I
1952 Fit 12.3~ 20.40 R3.40 1.33.0n 98.70 17~.7n 395.20 RIg, gf) ~40.Rn 335,30 IOl.4f~
1953 I-If 16.90 IR.Tn 42.00 RS.NO 4R.~ 71.r~ 197.2n 211.In 320.20 171.4n 30.20 13.20
19.54 Fit 9.4n 16.6[f 16,6n 33.-IN 65.40 121.2t~ 21H.4U 439.’~0 ?ll.6n aO,40 20.20 9.10
1955 Fit 6.00 17.fin 31.20 41,6n 4~.9N 14. I0 126.bn ,�31.~ :{4x.20 H/.gf} 29.40 I I .40
1956 Fit 6. In 13.20 460.5n 271.20 14n.RO 169.5n 27R.30 56R.nO 613.R0 31l.flO R6.SN
I057 Fff 26.30 21.7o 20.70 2~.50 46.9n" 90.10 142.2n 32&.?n 439.90 115.nn 31.70 15.90
1~5~ Fit 16.4n Iq.~ 43.3n 42.~0 112.9,) 1!~l.4q 362.60 795.50 422.30 287.~ InT.gn
1~5~ t-ff 16. I0 1,1.~0 14.40 37.n0 f],~.~n 113.~0 2n.J. In 2OR. I0 153.00 ,11 .£n Ih. RO 41.40
1960 FII 18.4t~ 9.70 9.5n IR.O0 55.~ R~. In 177.90 24N. Tt~ 1,16.90 42.40 16.40 7.50
lU61 Fit 8.50 22.3N 31.20 19.nn 30,8n 4f].gO 124.6n I 71.6[) I 2R. (X) 27.40 24,R0 10.40
1962 Flf 9.80 14.(}0 23. In 23.5f~ IR4.RO 1l?).9O .t~1 .(X) 3()6.90 505.20 202.60 51.7n
1963 FI~ 17.40 IO.8n 10.70 ill.gO 201.9n Inl.40 191.9n ,164.)~ 492.40 264,2n 70.70 31.40
1964 Fit 25.5Q 64.30 36.4~) ;} I,?O 3n. R{} 51.RN 12~. 70 256. (~0 2(10. On 59.30 2R.Tn I(}.~
1965 FI~ I~. It} 34. no 2()j.~o 1~7.q0 114. I0 12~.2n 250.fl0 431. ~(~ ,172.2a 2~4.70 I ~l.r{n
19~ I-I? 17.50 101. IN 66.50 6l.qn ¯ r~t~.~ 125.~0 27~.9n 3~1.~0 147.70 50.4n 25.0(}    H.~O
I96! Fit 6.4a 2q.70 212.7o ~2.50 IOn. 70 243.NN 24~.~0 659.ff0 R?3.~O ~94.30 Ih4.2r)
1908 I-I/ 26,90 22.9n 3,1.3() 36.90 75.4n n2.t~O 146. In 231.10 131.20 ,13.r~o 22.10
1969 Fit I’~. In 4n.g) 52.2n 3~r~.60 2.33.60 227.2n 46,1.5fl In96, 4r} RT,I.2n 462.R0 13-1. In
I~1~). _. I.# 32.60 31.7n 41.10 I~iu.4n ~]3.3n 13’5.90 144.nn 315.~n 2"1~.50 I(in.4n 3~.1() II



TILTS IS THE [~A’rA FILE CIILORI[IFS (F:’PH) AT VERHALIS

1930 0 0 0 0 0 0 0 0 0 0 0 0
1931 0 0 0 0 0 0 0 0 0 0 0 0
193 :? 0 0 0 0 0 0 0 0 0 0 0 0
1933 "0 0 0 0 0 0 0 0 0 0 0 0
1934 0 0 0 0 0 0 0 0 0 0 0 0
1 ? 35 0 0 0 0 0 0 ,0 0 0 0 0 0
19 ;3 ~ 0 0 0 0 0 0 0 0 0 0 0 0
1937 0 0 0 0 0 0 0 0 0 0 " 0 0
193!] 0 0 0 20 0 18 l~J 10 7 I~ ~3
1939 47 32 41 30 31 ~4 , 0 0 0 0 0 0
1940 0 0 0 0 0 0 0 0 0 0 0 0
1 ? 41 0 0 0 0 0 0 0 0 0 0 0 0
1942 0 0 0 17 21 ~3 ~ ~ .... I~ ~’"~,~, 71~ 72
1943 59 43 26 27 11 13 10 7 24 fill l~;O 64
1944 66 66 48 49 35 ~9 42 23 86 120 91~
1945 61 ,~,. 37 43 1 ? 17 14 1F] 7 0 0 0
1946 0 0 0 26 31 66 16 10 62 1.d) 1 O0 110
1947 B;3 59 62 71 77 7~ [~0 63 140 160 150 76
194t; 85 B4 94 77 1rio ...... J 6 0 ..... 2 9 " l 1(~ .... 14 ..... 140 120 100
1949 B9 0 96 68 130 ’ 30 70 60 110 140 130 140
1950 93 1 O0 1 O0 62 37 63 1D 16 76 140 140 110
1951 7 O 10 0 0 0 0 0 0 0 0 0 0
1952 F]O ~16 ¯ .~+~ 21 15 1 ~l 10 9 10 51~ 106
1953 ~;9 78 48 32 72 147 1()~ 66 23 54 134 .I 23
1954 94 97 ’ 94 107 ~0 .... 45 ...... 2~ ..... 23" 13~ .....~7 ’ 167
I 9,. ,:~ 140 113 94 33 79 106 121 142 71 174 170 .t
19~36 163 143 63 13 25 57 40 14 14 61] 92 t~l? .,
1957 93 t~4 64 1 O0 124 61 133 I O0 39 152 151 135
1951] 84 72 70 93 52 34 21 16 16 62 125 :i O0
1959 0 0 . . 50 97 B3 .... 109 .... 172 ......171] 201 256 240 ... 172
1960 l 161 13~l 12.4 138 J25 236 199 193 .......... 2 6 ~ ..... 2jj j ...... 272 263
1961 175 140 110 129 169 252 34lil 253 3.15 407 401
1962 250 194 196 21:3 110 49 96 55 67 ] 62 I ~]6      154
1963 124 101 67 129 44 97 27 15 36 109 167 130

,.~B 95 i71 146 241~1964 87 70 50 ~ 209 223 259
1965 112 1 ()9 92 21 35 46 42 32 21 I]8 153 ] 22
:t966 21] 32 11 36 37 112 .~6 52 l ’" ~0 0 110 .lj2

"̄ ~
~l1967 tl9 37 31 53 2~ ,3,.~ 2 12 9 .~6 34 1. 0

.... ~ 32
1969 75 42 94 2 6 15 J 3 ~J 4 17 49 35

.



C--115385
C-115385



C--115386
C-115386



I5 THE DATA FILE OF’ CHLORI[tEov (F:’PM) F’R[;M THE TUOL.UMNE

OCT NI.’IV [~EI; JAN FEB MAR APR HAY JUN JIJL AUG ,:,El:

1930 0 0 0 0 0 0 0 0 0 0 0 0
1931 0 0 0 0 0 0 0 0 0 0 0 0
1932 0 0 0 0 0 0 0 0 0 0 0 0
1933 0 0 0 0 0 0 0 0 0 0 0 0
1934 0 0 0 0 0 0 0 0 0 0 0 0
1935 0 0 0 0 0 0 0 0 0 0 - 0 0
1936 0 0 0 0 0 0 0 0 0 0 0 0
1937 0 0 0 0 0 0 0 0 0 0 0 0
193[; 0 30 0 1[; 0 7 13 [; 3 11 35 41
1939 31 16 28 37 37 41 46 23 12 9 13 12
1940 7 9 14 II 4 5 5 ’ 2 5 ’ 27 36 13
1’941 25 20 22 20 5 7 7 6 2 17 40 17
1942 25 13 12 10 16 "" 9 9 7 9 27 49 30
1943 25 52 11 33 I 0 12 17 41 24 22 42 27
1944 49 37 34 52 60 83 20 31 1 I0 60 60 1 I0
1945 51 32 . . 26 3[; 35 ..... .14 21 .......77 ¯ . ~. ........... 0 0 0
1’746 0 0. 0 0 0 0 0 0 0 0 0 0
1947 0 0 0 0 0 0 0 0 0 0 0 0
194 ~J 0 0 0 0 0 0 0 0 0 0 0 0
1949 0 0 0 0 0 0 0 0 0 0 0 0
1950 0 0 0 0 0 0 0 0 0 0 0 0
19[~1 0 0 0 0 0 0 0 9 15 6;! 4f] 79
1952 29 30 17 0 7 0 0 0 0 13 31i! 27
1953 0 10 13 10 20 0 0 8[; 54 24 114 .L ...’~9~.
1954 0 0 74 34 34 90 13 7 61 130 62 0
195,5 69 45 37 63 62 72 195 1[;6 151 150 146 J. 51
1956 155 121 74 7 20 211 38 11 79 56 9‘5 73
1957 74 63 " 46 70 108’ 20 166 170 74 , 17[; 1[;3 153
195[; 54 38 "’" 44 63 JO ......... 25 9 ..... 13 ..........llJ "’" 42 "" 17~ 68
1959 [;5 23 66 75 54 67 171 169 210 206 0 222
1960 238 86 62 73 107 112 223 236 235 238 210 2 l[J
1961 ~..-9~’-~ 94 70 65 0 21B 0 207 255 29~ 2[;3 179
1962 1 [;9 196 162 170 i 90 9 45 136 135 131] J. [;,I 164
1963 0 0 39 61 1 1 66 24 24 34 0 161] 1 l:11
1964 6’? 31 ’21 3[; 70 1[;5 192 172 0 2:112 0 202
I ?65 152 66 48 21 12 27 21 0 76 76 134 30
196 6 3[; 36 20 35 17 3[; 143 19[; 185 216 0 20’? "
1967 0 0 0 0 0 0 0 0 0 0 0 0
196 l~ 0 0 0 0 0 0 0 0 0 0 0 0
196P 176 0 0 0 0 0 0 0 0 0 0 0



I is.t, f=~raflo~                                                                                   .

]HIS IS IHE DATA FILE OF CHLORIDES (F’PH) AI" GRAYSON

OCT NI]U DEll ,JAN FIEB MAR AF’R HAY ,JIJN JIJI... AUG SEF’

1930 0 0 0 0 0 0 0 0 0 0 0 0
1931 ~ 0 0 0 0 0 0 0 0 0 0 0
1932 0 0 0 0 0 0 0 0 0 0 0 0
1 ~ 33 0 0 0 0 0 0 0 0 0 0 0 0
1.934 0 0 0 0 0 0 1 ~‘5 199 213 240 202 0
1935 0 0 0 0 0 0 0 0 0 0 1 ‘59 0
1 ? 36 0 0 0 0 0 0 0 0 0 0 1 I~l 9 0
1937 0 0 0 0 0 0 0 0 0 0 0 1 O0
].93~ 112 0 0 23 0 22 0 12 8 .9 54
1939 89 54 57 73 50 1130 50 31 81] 135 124 I 11

1 </41 113 187 I 17 26 20 23 20 9 6 40 1‘53
1.942 ~8 137 52 19 28 19 16 11 7 38 130 112
1.943 93 130 66 69 19 14 10 16 16 111~ 91
1944 0 0 ~13 52 34 49 66 56 73 130 I~4 69
1945 78 100 110 62 17 18 29 13 9 0 0 O
1~46 0 0 , 0 0 0 "’ 0 " 0 " 0 .... 0 0 0 0
1947 66 16B 0 56 0 206 <) 148 127 11~5 0 0
194~I 0 207 0 175 0 0 246 0 0 0 0 0 ’.
1.949 0 0 0 0 0 0 0 0 0 0 0 0
1.950 0 0 0 0 0 0 0 0 0 0 0 0
1951 0 0 0 0 0 .0 123 35 141~l 146 1B4 95

90,. 169 205 97 16 22 35 13 6 0 116 ~ 27
1953 153 16B 130 36 161 232 lfJO 103 134 190 159                 91
1954 106 192 212 250" 119 174 41 21 96 168 155 170
1955 210 224 209 116 174 218 177 114 176 191 159
1956 234 222 191 17 25 7~1 120 2~1 12 132 154 ~22
19,57 118 192 19B 191 170 102 179 131 3~ . 159 14~
195B 162 21~1. 192 66 .... 6~ " 100 " ~) ’ " 1~ ........ ~.2 ...... 111 ’’" 165 100
1959 112 216 240 160 250 277 218 220 228 235 0 0
1960 181 225 280 250 205 306 2413 213 248 210 I 91 2
1961 270 239 225 235 0 31 ~ 21~1~ 1BO 175 200 256 ~o7

9 = 2321962 295 298 ~.()o 233 292 53 220 39 151~ 16~L
1963 208 0 ,.~,=’~ ~’ 309 42 210 0 70 37 114 161] 1
1964 115 231 225 II~;6 231;; 343 + 240 155 i62 216 0 ~54
1965 115 204 20~; 57 127 21 1118 0 65 126 156 116
1966 ~ "’~~ ~.~ 245 30 96 228 305 0 0 0 0 0 0 ¯
1967 0 0 0 0 0 0 0 0 0 0 0 0
.1..96 ~l 0 0 0 0 0 0 0 0 0 0 0 0
1969 0 0 0 0 0 0 0 0 . 0 0 0 0



] i st ~ f’~-ne~m=~n

IS ’rite DATA FILE OF CHLORIDES (PF’H) AT NEHHAN

ocr NOV I. El, JAN F’EI~ MAR AF’R H~y JIJN ,JUL AUG =:;EF

1930 0 0 0 0 0 ’ 0 ,) 0 0 0 0 0
1931 0 0 0 0 0 0 0 0 0 0 0
1 ? 32 0 0 0 0 0 0 0 0 0 0 0 0
1933 0 0 0 0 0 0 0 0 0 0 0 0
1 ? 34 0 0 0 0 0 0 0 0 0 0 0
1 ? 35 0 0 0 0 0 0 0 0 0 " 0 0
1 ? 36 0 0 0 0 0 0 0 0 11 ? 171
1937 73 0 45 0 0 J 0 0 0 73 i 61]                 95
193~; 77 0 0 23 33 ,4 0 ? B 4 ~J6 70
1939 5? 43 44 50 44 ~I0 5~ 76 130 160 120

194t 120 140 0 34 2B 20 10 6 3’~ 140 77
1942 82 66 3t 26 "10 22 I] 4 27 :[20
1943 77 29 2:5 63 .9 2t] 14 19 11 100 77 5’1
1944 813 46 92 5" 66 74 136 68 80 220 1;10 56

1946 0 O. 0 34 ..... JSO ....... B4 ’" 13 " 24 .... ~00" 71 70
1947 120 200 47 ~ I]4 190 170 130 110 130 110 110
194B 140 170 200 0 2flO 0 195 75 12 i100 47 40
1949 110 0 0 0 0 33 0 0 [I 4 0 7 I] I] 1
1950 120 150 34 100 150 t]4 130 i80 83 ’ 1~19 i 90 61
1951 300 17 13 0 25 1 O0 240 54 150 200 140 :t 30
1952 320 260 150 27 24 ..... 23 .... 14 .... 10 "+ 10 " 150 ........ 140
1753 130 i 80 ~4 0 0 0 0 0 0 0 0 0
1954 0 0 0 0 0 0 0 0 0 0 0 0
1955 0 0 0 0 0 0 0 0 0 0 0 :1.1~17
1956 237 2[ll 257 25 30 104 132 5~ 15 143 1BO
1957 9B 190 217 0 0 0 0 0 0 0 0
195B 0 0 0 0 0 44 0 9 33 137 121 1
1959 135 222 232 161 349 197 213 205 163 235 209 304
I ?60 277 388 445 490 i65 280 214 0 223 219 222 290
1961 262 325 420 238 390 44 ? 436 234 235 302 3113 ’2.t 2
1962 280 365 230 198 233 165 351 194 52 I"2 ~ 150 ] 62
1963 143 226 274 240 120 422 133 202 62 0 0 0
1964 0 0 0 0 0 0 0 0 0 0 0 0
1965 0 0 0 0 0 , 0 0 0 0 0 0 0
1966 0 0 0 0 0 0 0 0 0 0 0 O’
1967 0 0 0 0 0 0 0 0 0 0 0 0
t 96 ~ 0 0 0 0 0 0 0 0 0 0 0 0
1969 0 0 0 0 0 0 0 0 0 0 0 0



CHLOKIDE LOAD-FLOW REGRESSION

CURVES

C--115390
(3-115390



9~LT LO(~B Vg. FLOg ~r VE.RHhL]9    PRE C~P    OCTOBER

-20.000                  20.000                  60.000                 t O0.000                 140.000                 J ~]0. 000                       ..
o~ooo            ~b.~oo ...... ~O.boo "          ~o.ooo            ~60.ooo

., t,, , ,f,,, ,t, ,,,f, ,,,{,,,,1.,,, ,~,,,,},, ,,~,,, ,.F, ,, ,F,,, ,~F .... -I’.,, ,-t., , ,’1,,, , F ....

12600.000             ’~
’ - " ....

~ " ’"    ~

" ¯ ~2~00.000

L 9600.00011 ; . 1 ./. ................................
-I,. 9600,(,00

D B 1 O0. 000E OiO0.O00

.

, D ~100.000

0 ~ , ~ ¯ " .......................................................

- ....

600., 000

-900 ¯ 000 .~            ~      --900 ¯ 000

~ -20, OOO 20,000 60 , 000 l O0 , 000 t 40,000 1130 , OOO

~ 0,000 40,000 [t0,000 ~ ;~0,000 J 60,000

~ f’l fig ~T



ShLT LOh[t Ug, FLOM ftT VERfI&LI9    PO~T CUP

20.000 ..... &O.O00 100.000 J40,O00 180,000 ..
O, 000 40.000 ho ~bO0 ...................... t2~ 16o. 000 " "

20000.000 ¢ ~ 20000. 000

IBO00,O00 ;

16000. 000" ¯ 1 ~000. 000

14000,000 .................... 14000.1)00

] 2000,000 120110,000

10000.000 10000. 000

~000.000-[ / ~ . T t]O00.O00

6000,000 � 6000.000 -

4ooo.ooo  ooo.ooo

~000.000 ~ 2000.000

0~000 t { 0,000

20. 000               ~0. 000              100,000              J 40,000              ~ ~0. 000
0 ~ ~00               40,000               ~0,000              i ~0,000              160,000



SALT I.OAI) Vgo FLOW AT VERNALI5 PRE CUP JANUARY

o. ooo            ~ ~o, ooo            ~oo. ooo            4~o. ooo            600. ooo-7~.0oo          " " ?S.ooo            ~s.oo0 : ........ ~7~.ooo            ~s,ooo ......

22500. 000 # -I’ 22500. 000

20000.000 .~ ¯ 2001)0.000

~oo.oo0 ; ................................ ~ .................. ~.
~,~oo.ooo

15000,000 ; . ~~ ..............
~

15000.000..

" "

10000,000 ~ ~ 10000,000
. .

~i000.000 F t 5000.000
. :.

2500,000 ~ ""
""

" ............ .................... ’ ..... 2~00,000 ""
.

0 , 000 -; $ I 0 . 000

~ .-2~00,000 ’ ~ "-2~00,000

O, 000                 ~ 50,000                 300. 000                 450,000                 800,000
-75. 000                     75,000                   225,000                    J75,000                   525. 000



B~I.T I.O~D Vg. FLO~ ~T UERNALIE        POBT CUP ~A~ARY ’

200°000                 ~00,000                1000,000                1400,000                JBO0,O00
o.ooo            400.060 ....... O~O~6~b ......... 1~oo.o00 "         i~06.oo0 ......

,,,,÷,,o,÷,,,,.),,,,÷,,,,÷ .... ÷..,,÷,,,.÷,,,,f,o,,f .... ÷,.,,-),,,.÷ .... .! ....÷ .... f .... f .... -~ ....

32250. 000 T l 32250. 000

~1000.000 " ......................................................... ~ioo0.oo6 ........

17250,000 ~ ,,~ ’~ 17250,000
i

o

.°°°.°°°’/ ........ ................................i
2250,000 ÷ $ "f 2250.000

¯

¯ $ .

l.o,ol.o.,’~.o,,’[ .... F,,.o÷..,,f’o.,°F .... l .... "f°*°°f’..°°fo,*°l.°°.’l°.,o~ .... ’1,°,,~ ....
200. 000              600,000             1000,000             J 400. 000             I flO0 ¯ 000

O. 000 400,000 riO0,000 J 200. 000 1600,000

FI.UW AI UEI~HAI. 15



SALT LOAD VS. FLOW AT VERHALIS PRE CUP APRIL
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FLOW VS. 8~LT LOAD OH 9TAHISL6U8 R]VER PRE CVP OCTOBER
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, FLOW US, SALT I.lJAI) ON TUt]LIJNNE RIVE:R PRE CUP JANUARY
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FLOg V8o 8~LT LO~D ~T OR~YOOH "~rOOT CUP    OCIOBER
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FLOM V8, SALT LOAD AT HEWHAH    PRE CVP    OCTOBER
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FLOW VS. 5~LT LOAD ~T NEMN~H PRE CUP J~HH~RY
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FLOM UB, 5~LT LOAD AT HEWHAN    PO~T CUP    JANUARY

¯                                    75,000                 225,000                 375,000                 525,000                 675,000
0,000                 150,000                 300,000                 450,000                 600,000

25000,000 ~                                                !                                                                             ~ 25000,000

t 22~00.000
22500°0O0 {

¯ ~ 20000,000
20000,000 t .

C ¯ o

L . // ; 17500.000

E t 15000.000
15000.000 ’

tJ’l , ’[ . t 12500.000
12500.000 "t ¯

10000.000                                                                                                                                         .

( ’ T ~000,000
5000¯000 t ,

’ .; 2500. 000
.. 2500°000 { ,

0,000
0.000 ; B

75,000 225,000 575,000                  525,000 675,000
~

O, 000 1~0,000 300,000 450,000 600. 000

FLOW KI NE~H~N (K~F)



FLO~ US, 86LT LOAD AT HE,AN PRE CVP
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Fi.OM US, BALT LOAD AT HEI#HAH POBT CUP APRIL
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FLOW PS. SALT LOAD AT HEWHAN POST C~ .ALLY
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APPENDIX 3

SALT (C~V~ORIDE) BALANCES BY

REPRESENTATIVE MONT}{S

C--115439
C-115439
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APPENDIX 4

SUMMARY OF NETWORK ANALYSES OF THE

LOWERSACRAMENTO-SAN JOAQUIN DELTA
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R. F. Slanks February 16, 1951

D. J. Hebert and .V.B. McBiruey

Summary of network analyses of !ower Sacramento-San Jo .aquin Delta

I. The results of a!l network analyses of the lower Sacramento-
San Joaquin Delta have been s~nnnarlzed on the six diagrams attached.
Rate and d!~ectlon of flow are shown on one side of a channel, and a
resistance value based on channe! characteristics is, given on the
other side. Resistances were c~mpu, ted from r=L x !CA . Three channels

N’r., .~ ~.ud Kq~ are very la.~e and have "been a~’u~ed at constant level
re~.r’d.less of disch~"geo ~O~l:~’t~t±or~ =~de to test th.t.s prenmise
show that a large increa-,,e ~ disoh~-ge c~n be aoco~odated ~ &
negligible increase in slope. The ~avy connection shown frc~ S to Q
represents channels NS, LS, and KS, and the resistance va~ue used is
the hF~rauiic equivalent of the three chs~ne!s-having S as a common
noint and terminat!ng at M, L, K, or Q.

2. The first f~w schemes tried m~de use of resistance values
which were derived from channel cross-sectlons as show~ on available
maps. !t became evident they gave a dlvisian of flow which was
contrar~ to that actually prevailing, and therefore at ~oints such
as 7 and 8, the resistances of connecting channels were arbitrarily
adjusted unt~l the division ~as more nearly correct. Thus, in
channel (7-~)     the resistance was changed.to 26.2 and to 0.832
from 239.0, and in channel 8-Y, the resistance was increased to
!0.0 from 8.65. Resl.stance in charme! 6-7 was decreased to 2.0 from

3. The results of the network analysis can be used to estimate
the drop in water surface from Central Landing to Tracy Pumping Plant
when the ~ump. s are working at design capacity of ~,6OO cubic feet per
second. For mean tide height in the lower Delta this drop has been
estimated to be 0.25 foot. ~ere the levels to be at mean low tide
height an increase to approximately 0.34 foot may be expected. Making
allowance for indeterminate factors, it is thought the ms~ head
boss, or draw-down, to Tracy Pumping Plant w!!! be about 0.~ foot.
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Analysis of Adding 15 TAF Purchase
from OID into New Melones Storage

15 TAF applied to agricultural lands yields approximately 30-40% return flow to
Stanislaus River (and eventually San Joaquin River).

15,000 x .3 = 5,000 AF

15 TAF added to 2,000,000 AF (inflow plus storage) increase water availability for
water quality releases as follows:

80,000 AF = X

2,000,000 AF 2,015,000 AF

X = (80,000 x 2,015,000)
2,000,000

X =80,600 AF

Additional water quality flow is 600 AF.

Table 2
(I,000 acre-feet)

(measured at Goodwin)

New Melones Vernalis
Storage Water CVP

plus Inflow Fishery Quality Bay-Delta Contractors

From To From To From To. From To From To
1,400 2,000 98 125 70 80 0 0 0 0
2,000 2,500 125 345 80 175 0 0 0 59
2,500 3,000 345 467 175 250 75 75" -90 90
3,000 6,000 467 467 250 250 75 75 90 90
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¯
SOUTH DELTA WATER AGENCY

3031 WE~ MARCH LANE, SUITE 332 EAST
POST OFFICE BOX 70392

..... STOCKTON, CALIFORNIA 95267
~" TELEPHONE (209) 956-0150

FAX (’209) 956-0154 "~

Directors: Counsel:
Jeny Robinson, Chairman John Herrick, F.zq.
Peter Alvarez, Vi~e-Cbairman Attorney at I~w
Alex Hildebrand, Secretary Engineer:.
Robert K. Ferguson Gelid T. Orlob
Natalino Bacchetfi

January 30, 1998

Mr. Walter Pettit                        Col. Dorothy Klasse
Executive Director                      U.S. Corps, of Engineers
State Water Resources                  1325 J Street

Control Board                          Sacramento, CA 95814-2922
P. O. Box I00
Sacramento, CA 95812-0100            Mr. Robert Potter

Deputy Director
Mr. Ryan Broddrick                       Dept. of Water Resources
California Dept. of Fish & Game     1416 Ninth Street
1416 9th Street                           Sacramento, CA 95814
Sacramento, CA 95814

Mr. Wayne White                 .
U. S. Fish and Wildlife Service
2800 Cottage Way
Sacramento, CA 95825

Gentlemen and Col, Klasse:

The South Delta Water Agency urges your serious consideration
of the attached memo by Alex Hildebrand and Bill Loudermilk. The
memo is entitled, "Developing a Conceptual Design and Operating
Plan to address Serious Agricultural and Fishery Management Issues
in the Lower San Joaquin River and South Delta, with Particular
Regard to the Proposed Use of Channel Barriers."

The memo describes the issues that need resolution, some of
the inter-relations of those issues, the role that South Delta
Barriers can play in resolving the issues, and some conceptual
design and operating features to optimize the role of the barriers
in addressing various needs. The memo postulates that the normal
permit process fails to achieve mutual understanding of the inter-
related issues, and the hydrology; and that it does not result in
a joint effort to develop compatible solutions.    The authors
propose that a series of about four informal facilitated meetings
be convened in which the parties involved in the .planning,
permitting, and implementing process would exchange information and
design and operating plan features for resolving the in-channel
problems in the South Delta. The memo is offered as a point of
departure for such a discussion.

SDWA 11
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January 30, 1998
Page Two

The memo proposes that DWR and fish and Game jointly convene
these meetings during the next two months, and that there be a
chairperson who is both knowledgeable and neutral. DWR and Fish
and Game are asked to format the meeting and attendance.

We also ask DWR to distribute this memo to the CalFed Ops
Group.

South Delta Water Agency urges your concurrence in the
author’s proposal.

Sincerely yours,

Herrick

JH/dd
Enclosure
cc: Mr. Allen Short

Mr. Dan Fults
Mr. Mike Ford
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Pre|iminar¥ Staff Report of the
State of California

CALIFORNIA DEPARTMENT OF WATER RESOURCES
SAN JOAQUIN DISTRICT

...... III

SJRIO Studies of ...... 2
San Joaquin River Recirculation

ReoDeration ...... 5and
of Wetland Discharge and Tile Drainage ...... 7

Preliminary Draft Report
Prepared by:

Jo Anne Kipps
Associate Water Resource Engineer

January 1998
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Preliminary Draft Subiect to Revision
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Pre)irninary Draft 8ub}ect to Revision

Introduction

¯ The San Joaquin River Input-Output Model (SJRIO), a mass balance water quality
model for the SJR, was used to quantify the water quality impact of two water quality
control actions in the S JR Basin:

¯ Using the Delta-Mendota Canal to recirculate San Joaquin River flows when
additional water is required to meet S JR spring pulse flow targets required under
theMay 1995 Water Quality Control Plan Delta Standards..

¯ Reoperating tile drainage releases and/or wetland discharge into main stem San
Joaquin River from the Grassland watershed to take advantage of the dilution flow
provided by DMC recirculation.

This preliminary report is based on the August 1997 draft staff "report of the California
Regional Water Quality Control Board, Central Valley Region, entitled, "SJRIOWetland
Discharge and Tile Drainage Reoperation Studies," by Leslie F. Grober. The tables are
presented at the end of the text portion of this report.

Background

SJRIO is a mass balance water quality model that calculates mean monthly discharge
and water quality for a sixty mile reach of the lower San Joaquin River from Lander
Avenue to Vernalis. The model was originally developed by State Water Resources
Control Board and University of California, Davis staff (Kratzer et al. 1987) to quantify
the impact of agricultural drainage on S JR water quality as part of work performed for
the Technical Committee Report on the Regulation of Agricultural Drainage to the San
Joaquin River (SWRCB 1987). The model was later updated so that probabilistic,
Monte Carlo simulations could be performed (Grober et al. 1992). In Monte Carlo
simulation mode, the model can be run using multiple year inputs based on data
supplied by operations models such as the United States Bureau of Reclamation’s San
Joaquin Area Simulation Model or the Department of Water Resources Simulation
Model (DWRSIM).

Model components include major east side and minor west side tributaries, combined
discharge of Mud and Salt sloughs from the Grassland watershed, riparian and
appropriative pumping, surface (tail water) and subsurface (tile drainage) agricultural
discharges along the main stem of the S JR, groundwater accretions and depletions,
municipal and industrial discharges, evaporation and precipitation, and evapo-
transpiration (Table 1). Model parameters are mean monthly discharge, and mean
monthly concentrations of Total Dissolved Solids, boron, and selenium. Although the
model considers the combined discharge from Mud and Salt sloughs, it is possible to
separate the discharge from the sloughs into its component sources, if such data is
available. Component sources include surface and subsurface agricultural return flows
from the DSA of the Grasslands watershed, wetland discharges, non-DSA surface
agricultural return flows, groundwater accretions, and flood flows.

recirc.wpd (January 27, 1998) 1
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Preliminary Draft Subiect to Revision

Methodology

SJRIO model runs in this analysis were run in Monte Carlo simulation mode, using
discharge data for the major east side tributaries supplied by DWRSIM. TDS for these
tributaries was calculated in SJRIO using site specific equations based upon linear
regressions of historical log TDS versus log discharge. Discharge and water quality for
Mud and Salt Sloughs varied according to water year type (Table 2). DMC TDS varied
according to water year type: 225 milligrams per liter (rag/I) for wet years, 255 mg/l for
above normal, normal and below normal years, and 300 mg/I for dry and critically-dry
water years. These values are based on DMC TDS data dating from 1977 to 1994
assembled by the California Regional Water Quality Control Board, Central Valley
Region. Discharge and water quality for all other model components were estimated
within the model based upon similar year hydrological data. Classification of water
years was based on the hydrologic series supplied by the operations model input.

Only discharge and TDS were considered in this analysis. No boron or selenium
concentrations were calculated. SJRIO calculates salinity by performing a mass
balance of TDS; a coefficient of 0.6 is used to convert TDS in milligrams per liter(rag/I)
to electrical c.onductivity in micro Siemens per centimeter (IJS/cm) (i.e., TDS = EC*0.6).

Base case hydrology for the major east side tributaries was based upon. DWRSlM
operation Study 468a, a modification of DWRSlM study performed to evaluate SWRCB
Alternative 3, Study 1. In this study, DWRSlM Study 469, New Melones Reservoir
shares responsibility for meeting Vernalis pulse flow and salinity objectives promulgated
in the May 1995 Water Quality Control Plan (SWRCB 1995). Instead of imposing a 70
thousand acre-feet per year cap on water quality releases, DWRSlM Study 469
assumes additional water is provided to help meet salinity and pulse flow requirements
from the S JR upstream of its confluence with the Stanislaus. DWRSlM Study 469
assumptions were modified as follows for DWRSlM Study 468a:
¯ No minimum flow and pulse flow requirements at Vernalis.
¯ Available capacity below Goodwin Dam set at 1,500 cubic feet per second.
¯ No additional water provided from the S JR system.

The output of this run -- S JR at Vernalis flow -- was compared to the required
Vernalis flow targets to meet the May 1995 WQCP Delta Standards. The result of this
comparison is a table of additional flows (addwater) from the S JR system required to
meet Delta Standards. The April and May values in this table represent the additional
flows required to meet May 1995 WQCP Delta Standards flow requirements.
Approximately ninety percent of this addwater goes towards fulfilling the target fishery
30-day pulse flow requirements from April 16 to May 15. This study substitutes S JR
recirculation (via the DMC) for this additional water for spring pulse flows. In this study,
this additional water is supplied by S JR recirculation via the DMC and the Newman
wasteway (capacity of about 3,300 cfs). The recirculated flows are recaptured for re-
export concurrently, although water may be borrowed from San Luis Reservoir to prime
the system at the beginning and returned at the end of the recirculation period.
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The hydrology for DWRSIM control points 649, 665, and 675 are assumed to be
approximately equivalent to the east side tributary boundary conditions used by SJRIO
(Merced, Tuolumne, and Stanislaus rivers, respectively, upstream of their confluence
with the main stem of the S JR). Control point 675 (Stanislaus River at mouth) includes
DWRSIM Study 468a releases to meet Vernalis salinity objectives. Control point 691 is
approximately equivalent to the SJR at Lander Avenue, just upstream of the inflows
from Mud and Salt sloughs of the Grassland watershed and the DSA.

Once these initial monthly flows are assigned as SJRIO tributary inflow, additional
preprocessing is necessary because these points are not spatially equivalent and the
methodology used to calculate accretions and depletions downstream of these
locations is different in DWRSIM and SJRIO. Differences in discharge were corrected
using the following methodology.

SJRIO was initially run using DWRSIM control point discharge directly for east side
tributary discharges. Differences in Vernalis discharge calculated by SJRIO and
DWRSIM were then distributed in a prorated fashion between the Tuolumne River,
Merded River, and SJR at Lander Avenue. For example, say the input flows for a given
month are 25 TAF for S JR at Lander, 50 TAF for the Merced River and 75 TAF for the
Tuolumne River. After the first pass of running SJRIO with these input flows, the
SJRIO-computed Vernalis flow for the same month is 10 TAF greater than that
computed by DWRSIM. The input flows are adjusted as follows. S JR at Lander would
be decreased by the result of 10 * 25/(25 + 50+ 75), or 1.7 TAF. Similarly, the Merced
River input flow would be reduced by 3.3 TAF, the Tuolumne River input flow, by 5 TAF.
In the second pass at running SJRIO, the new input flows for that month would be 23.2
TAF for S JR at Lander, 46.7 TAF for the Merced River and 70 TAF for the Tuolumne
River flow inputs would then be 23.2, 46.7, and 70 TAF, respectively. Only two passes
were necessary until SJRIO-calculated Vernalis flows closely approximated those
calculated by DWRSIM (e.g., within two percent on an annual basis).

Several runs were performed to simulate the changes in flow associated with the spring
pulse (i.e., from April 16 through May 15). In these runs, called "split month analysis
runs," one run was made to simulate base conditions, the other, pulse conditions. The
resulting output -- Vernalis flow and additional New Melones releases required to meet
Vemalis salinity objectives -- was combined as a composite output data set. Under
base conditions, the only change was the Tuolume River spring pulse flow. Runs
simulating DMC recirculation employed April and May values determined by DWRSIM
Study 468a as additional water required to meet May 1995 WQCP Delta Standards.
Because most of the addwater goes towards fulfilling the half-month fish pulse flow
requirement, the actual input to the runs simulating DMC recirculation was doubled that
determined by DWRSlM Study 468a. The resulting output was averaged with the base
run that simulated base April and May flows to generate a composite output data set.

The allocation of Tuolumne River flows to base or pulse flow was based on.a schedule
of required minimum flows provided by Harold Kharazi. In this schedule, four values of
flow quantities are presented for each water year in the study period: (1) base April
release (April 1-15), (2) pulse April release (April 16-30), (3) pulse May release (May 1-
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15), and (4) base May release (May 16-15). The required base release for both April
and May is always less than 10 TAF in all water years, while the required pulse release
ranges from 10 TAF in critically dry years and 53.9 TAF in wet years. In all years, the
amount of required release in any one month (i.e., sum of base and pulse volumes) is
less than that indicated in the DWRSlM Study 468a flow table for Control Point 665.
The volume remaining after fulfilling the base and pulse flow requirements was added
to the base volume. Because these volumes refer to releases required for a half-month
period, to use SJRIO, the input volumes were doubled in both instances, so that the
composite output (base and pulse flow conditions) would reflect the total amount
released during the month. As in full-month analysis runs, two passes were necessary
to generate SJRIO-calculated Vernalis discharge that approximated DWRSlM-
calculated values.

Base case discharge and TDS concentrations for Mud and Salt sloughs were varied
according to water year type (Table 2). The monthly discharge and water quality for the
sloughs are based on the historical discharge and water quality in the sloughs for two
critically dry water years, 1989 and 1990, and a wet year, 1993. The two resultant data
sets (critically dry and wet) were averaged to yield a third data set representing water
years that are above normal, normal and below normal.

Discharge and TDS for the combined Mud and Salt sloughs were next disaggregated
into DSA subsurface agricultural discharges (tile drainage), DSA surface agricultural
discharges (tailwater), historical wetland discharges, and ’other’, non-DSA and non-
wetland discharges. An additional wetland discharge component was also added to
reflect discharges resulting from the implementation of the Central Valley Project
Improvement Act. DSA components were estimated Using historical flow and quality
information for combined DSA tile drainage and tailwater. The DSA tile drainage
volume was estimated based on the assumption that most of the selenium in the
sloughs is derived from tile drainage, combined with an estimate of mean selenium
concentration of tile drainage. This DSA tile drainage was assigned a fixed TDS
concentration of 4,750 mg/L based on a flow weighted average of tile drainage TDS
concentrations from the DSA. The difference between total DSA combined tile
drainage and tailwater discharges and estimated .DSA tile drainage was assigned to
DSA tailwater discharge. This DSA tailwater was assigned a monthly variable TDS
concentration based on the difference between the total DSA load and tile drainage
DSA load.

Discharge for the historical wetland component was estimated based upon a simple
model that assumed a thirty percent return flow of water that was historically applied to
wetlands. Water quality was based upon limited historical information for the southern
subarea of Grassland Water District (GWD). Since the TDS concentration of wetland
discharges from the southern GWD is likely higher than the TDS concentration of
wetland discharges from northern GWD and the state and federal refuges, the total salt
load associated with wetlands used in this analysis is likely higher than the actual
wetland component. It is used here to represent the moderate to worst case conditions
associated with dry periods. The ’other’ component of the sloughs represents flows

¯ ~ and loads attributed to non-DSA tailwater, groundwater, flood flows, minor tributary
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flows, as well as errors in methods used to account for flows and loads. The sum of the
DSA tile drainage, DSA tailwater, historical wetland, and other components, is equal to
the average discharge and salt load of the historical combined Mud and Salt sloughs for
water years 1989, 1990, and 1993. A final component was added to this composite to
account for new CVPIA wetland water supplies that were not fully represented in water
years 1989, 1990, and 1993. A factor of thirty-five percent return flow of CVPIA supply
water was used tO estimate this additional wetland discharge volume. The TDS of
discharges attributed to these additional supplies is set at roughly half that of the
historical wetland release to account for reduced evapoconcentration and salt
mobilization that would be likely with these additional supplies.

Tile drainage reoperation is simulated in both full-month and split-month analysis runs.
In full-month runs, drainage is withheld in March and April by a set percentage (e.g.,
100% or 50%). The quantity of withheld drainage is released in May along with what
would normally be released in that month. As such, the sum of drainage discharged
over the course of March, April and May in the reoperation runs would, equal that

¯ discharged under base conditions. In split month runs, one run simulated the
withholding flows, the other, the saline pulse flows. In both runs, drainage is withheld
during the month of March. The withholding run continued withholding drainage during
the entire month of April, then, in May, the drainage released was the same as that
under base conditions. In the drainage pulse runs, the drainage released in April and
May was comprised of that which would have been released under base conditions,
plus the pulse flow consisting of 6-weeks-worth of drainage withheld (i.e., March 1 to
April 15) distributed over a 30-day period. Because the pulse flow event spans from
mid-April to mid-May, the amount of drainage distributed in pulse runs is doubled. The
end result is a composite run output set consisting of the average values generated by
the withholding and the pulse runs. The average of drainage discharged in March, April
and May in these two runs equals the combined amount of drainage discharged in
these three months under base conditions.

Other SJRIO model components vary according to water year types that are based on
the hydrology of the major tributaries. It was not possible to calibrate SJRIO water
quality results with DWRSIM.

Model Run Descriptions

Table 3 lists the SJRIO model runs made to assess the water quality impact of DMC
recirculation and reoperation of wetland discharge and tile drainage. The terms "base
run" and "base conditions" refer to scenarios without DMC recirculation or reoperation.
Several SJRIO runs made to evaluate DMC recirculation and drainage reoperation
assume that the April 16-May 15 pulse occurs entirely in May. Accordingly, April and
May values in DWRSIM 468a addwater required to meet 1995 May WQCP Delta
Standards were combined and treated as May addwater. Run 1 has DMC recirculation
occurring entirely in May and no reoperation. Runs 2 through 4 add tile drainage and/or
wetland discharge reoperation such that 100% of such discharge is withheld during

/-. March and April for release in May.
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Run 5 is a sensitivity analysis to assess whether Vernalis salinity conditions are
improved by substituting DMC recirculation for all DWRSIM 468a addwater to meet
Delta Standards. Runs 6 though 10 are preliminary sensitivity analyzes that assess
various addwater and reoperation scenarios. Runs 13 through 15 were a variant of
Runs 2 through 4 that employed a 50% reduction factor in tile drainage and/or wetland
discharge. Runs 16 through 18 were, in turn, a variant of Runs 13 and 15, in which
reoperation was in effect only when DMC recirculation occurred in both April and May.

Composite Runs 11 and 12, which are the focus of this study, represent an attempt to
apply the monthly time step feature of SJRIO to simulate changing flow conditions from
April 1 to May 31 (i.e., April’s base/pulse and May’s pulse/base). The reoperation runs
attempt to simulate the withholding of tile drainage for a six-week period from March 1
through April 14 for discharge during the pulse flow. Reoperation of tile drainage only
occurs in years with both April and May addwater requirements as stipulated by
DWRSlM 468a addwater to meet Delta Standards.

Run 1 la simulates base conditions and April and May base Tuolumne River flows. Run
11 b also simulates base conditions, but with April and May Tuolumne River pulse flows.
Run 1 lc adds April and May DMC recirculation to conditions simulated by Run 1 lb.
Runs 12a and 12b simulate tile drainage reoperation in this fifty percent of tile drainage
is withheld from March 1 to April 15, then discharged from April 16 to May 15. Run 12a,
the withholding run, utilizes base Tuolumne River flow conditions. Run 12b, the saline
discharge pulse run, utilizes pulse Tuolumne River flow conditions and DMC
recirculation. Table 4 presents on a ’per water year type’ basis, average monthly tile
drainage input under base conditions, and for Runs 12a and 12b. Also depicted are the
differences in Runs 12a and 12b input compared to base conditions. Note that the
amount of drainage withheld in Run 12a (as indicated by the difference from base
conditions) equals the amount released as a pulse in Run 12b, and the average
combined discharge of Runs 12a and 12b for March, April and May equals the
combined discharged during these months under base conditions.

Table 5 presents the average input on a ’water year type basis’ of the combined flow of
the four major SJR tributaries (i.e., Stanislaus River, Tuolumne River, Merced River and
the S JR at Lander Avenue), for the months of April and May, as well as the sum of April
and May flows. Also presented in a similar manner is DMC recirculation flows for April
and May (and again, the sum of April and May flows), as per the table of additional
water required to meet May 1995 WQCP Delta Standards computed by DWRSIM Study
468a. The largest amount of average addwater required in both April and May is 105
TAF. This average decreases to 88 TAF and 79 TAF in dry and above normal years,
respectively. In critically dry years, this average decreases to 19 TAF. Table 5 also
presents the average percent contribution that DMC recirculation would have if it were
utilized as the addwater source and treated as a major S JR tributary. In wet years,
DMC recirculation would account for three percent of the April-May flow. In above
normal y&ars, this contribution increases to 14% percent. The largest contrbution
occurs in normal and dry water years, when DMC recirculation accounts for 27% and
30% for the major tributary inflow, respectively. In critically dry years, DMC recirculation
would account for ten percent of the major S JR tributary inflow.
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Model Run Results

Table 6 presents the results generated by SJRIO of the split month analysis runs.
Values generated by runs employing base conditions (i.e., Runs 1 la and 1 lb) are
presented along with values expressing the difference from base conditions when DMC
recirculation is added (Run 1 lc), and when DMC recirculation is added along with tile
drainage reoperation (Runs 12a and 12b). Positive values indicate that the result
generated by the alternate condition is greater than base conditions. The results
depicted consist of (1) average monthly Vernalis flow (i.e., S JR flow near Vernalis), (2)
average monthly Crows Landing flow (i.e., S JR flow at Crows Landing Bridge), (3)
average Vernalis EC, (4) average Crows Landing EC, (5) percentage of months over
the 73-year study period in which SJRIO-computed Vemalis EC exceeds compliance
targets (i.e., 1,000/~S/cm from September 1 to March 30, and 700 #S/cm from April 1
to August 31), and (6) average amount of New Melones releases required to meet
Vernalis salinity objectives (this calculation assumes a constant EC of 80 ~S/cm for
Stanislaus River water quality). The results are presented in five columns: (1) March, (2)
April 1 to 15, (3) April 16 to 30, (4) May 1 to 15, and (5) May 16 to 31. Note that values
of flow are presented as TAF/mo. No attempt is made to present flow in terms of actual
volumes in Table 6.

In Table 6, DMC recirculation increases the flow at Vernalis and Crows Landing by an
average of 44 TAF/mo during the first half of the spring pulse, and 77 TAF/mo during
the second half. As such, the average increase in the volume of S JR flow over the
course of the 30-day pulse flow event is (44/2 + 77/2) or 60.6 TAF. Tile drainage
reoperation decreases S JR flow by 1 TAF/mo in March and 1 TAF/mo during the first
half of April. The discharge of withheld drainage increases Vemalis flow by 1 TAF/mo
during the 30-day pulse period.

During the 30-day pulse event, DMC recirculation results in a slight improvement of
water quality at Vernalis, and a substantial improvement at Crows Landing. With DMC
recirculation, Vernalis EC is decreased by 15/J.S/cm or less, and Crows Landing EC is
decreased by over 475/.zS/cm. Tile drainage reoperation runs improve water quality
during the period drainage is withheld: Vernalis EC decreases by over 50/~S/cm and
Crows Landing EC, by over 100/~S/cm. When the withheld drainage is released during
the pulse, however, average Vernalis EC does increase slightly (less than 15/_zS/cm).
At Crows Landing, however, coupling the DMC recirculation with the pulse of withheld
tile drainage still results in a net average EC decrease ranging from 335 to 429 /~S/cm.

DMC recirculation results in a small decrease in the frequency with which the Vernalis
salinity objective is exceeded. The addition of tile drainage reoperation improves
compliance during the period when drainage is withheld (19% compared to 29% under
base conditions in March). And, during the drainage pulse coinciding with DMC
recirculation, the frequency with which the Vernalis salinity objective is exceeded is
more-or-less unchanged from base conditions. As such, net benefit over the three-
month period is a significant improvement in water quality compliance. Similarly, DMC
recirculation decreases the amount of additional releases required from New Melones
to meet Vernalis salinity objectives by 2 TAF over the course of the 30-day pulse period
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(i.e., the combined savings of 3.4 TAF/mo from April 15 to 30 and 0.6 TAF/mo from
May 1 to 15). The savings increases slightly to 2.2 TAF when tile drainage reoperation
is added to DMC recirculation. This is the net savings due to tile drainage reoperation,
resulting from su.btracting additional releases required (1.1 TAF/mo from April 15 to 30
and 0.9 TAF/mo from May 1 to 15) from the combined savings from the withholding
period (2.4 TAF/mo in March, 3.1 TAF/mo from April 1 to 15, and 0.5 TAF/mo from May
16 to 31). The savings in the later part of May due to tile drainage reoperation is as yet
unaccounted for, and may reflect some delayed response by SJRIO.

Table 8 summarizes the SJRIO results of runs made for both tile drainage and wetland
discharge reoperation scenarios. The results consist of average, maximum, and total
amount of additional New Melones releases required to meet Vernalis salinity
objectives, and the percentage of months in which the Vernalis salinity objective is
exceeded. The average annual and total amount of New Melones releases required
under base conditions is 49 TAF and 3,584 TAF, respectively. Note that the SJRIO
Stanislaus River input from DWRSIM included releases made to meet Vernalis salinity
objectives. As such, the addwater calculated by SJRIO for meeting Vernalis salinity
standards is above that determined by DWRSIM Study 468a.

Run 1 shows improved salinity conditions resulting from DMC recirculation and a
modest water savings (i.e., 1 TAF annually and 95 TAF total less New Melones
releases are required to meet Vernalis salinity objectives. Significant water quality
improvements are shown in March and April from runs that employ 100%tile drainage
and/or wetland discharge reoperation (Runs 2 through 4). However, the resulting pulse
of saline discharge in May worsened water quality conditions and required substantially
more New Melones releases overall. Modest water savings and improved March and
April salinity conditions resulted from runs that employed 50% tile drainage and/or
wetland discharge reoperation in all years (Runs 13 through 15). The greatest water
savings, and improved March and April salinity conditions, resulted from reoperating tile
drainage and/or wetland discharges only in years with DMC recirculation (Runs 16
through 18). Tile drainage reoperation (Run 16) resulted in an annual and total savings
of 6 TAF and 373 TAF, respectively. Wetland discharge reoperation (Run 17) resulted
in similar annual savings (6 TAF) and a total savings of 365 TAF. Finally, tile drainage
and wetland reoperation (Run 18) resulted in an average annual and total savings of 2
TAF and 32 TAF, respectively. While all three reoperation runs resulted in improved
salinity conditions in March and April, the pulse of withheld drainage in May coinciding
with DMC recirculation resulted in a net negative impact on Vernalis water quality.

Two tables are presented to complete the documentation of this S JR recirculation
modeling study. Table 8 is the monthly Vemalis EC under for base conditions. Table 9
is the monthly additional New Melones releases required to meet Vernalis salinity
objectives under the following scenarios: base conditions (Table 9A), base conditions
simulated by split month analysis (Table 9B), base conditions with DMC recirculation
(Table 9C), and tile drainage reoperation coupled with DMC recirculation (Table 9D).
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Summary and Conclusions

When interpreting these model results, it is important to consider the assumptions that
are built into the analysis. Following are some of the more important assumptions:

¯ Base case hydrology is derived from DWRSIM operation study 468a. SJRIO
inputs were calibrated to match this hydrology, but the component flows from
various sources are not necessarily identical to component flows in DWRSIM.

¯ Individual components of the flow and water quality for Mud and Salt sloughs were
estimated based on historical data for three years: 1989, 1990, and 1993. This
data, even though modified to account for drawdown of expected CVPIA wetland
deliveries, may not be representative of actual current or future conditions. The
wetland component of Mud Slough and Salt Slough flows and loads was based on
very limited historical data and the simple assumption that wetland return flows
equal roughly thirty percent of applied water.

¯ Results of this analysis are limited by the fact that all calculations are made on a
monthly time step. Most likely, increased water savings would be possible if
c̄alculations were made for a daily or weekly time step.

¯ The usual disclaimer applies to the use and abuse of model results. These model
results are best used to evaluate the relative impact that changes from the base
would have on S JR water quality. The results should not be used to directly
estimate the water quality that would result in the S JR with the implementation of
the various scenarios. This is the reason, for example, that SJRIO water quality
model results cannot be compared directly with the results obtained using
DWRSIM. Results from each model are based on different sets of assumptions.
This makes direct comparison of results from the two models difficult and of
dubious value. Each set of model results should be evaluated based on the
strengths of the individual model and comparisons should be made only between
individual runs using the same model.

In conclusion, the addwater required to meet May 1995 WQCP Delta Standards that
could be supplied by DMC recircula~tion ranges from 3 TAF in wet water years to over
100 TAF in normal water years. If DMC recirculation can be employed for all or some
of this addwater, then what flows that would have been supplied by east side tributaries
for this purpose can be saved for other uses. This modeling study demonstrated that
DMC recirculation during the spring pulse flow period results in slightly improved water
quality conditions at Vernalis, and consequently less releases required from New
Melones for meeting Vemalis salinity objectives (an average of 2 TAF less annually).
At Crows Landing, DMC recirculation results in substantial improvement in water quality
(e.g., average EC decrease from 1,249 #S/cm to 773/~S/cm from May 1 to 15).
Greater improvements in water quality conditions (and greater water savings) result
from combining DMC recirculation with tile drainage reoperation. In this scenario, the
net average savings in New Melones releases is 2.2 TAF.;/,/,"
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Table 1

SJRIO Model Components
Model Component Number of Inputs

East-side Tributaries 4
(Stanislaus, Tuolumne~ Merced, S JR at Lander Avenue)

West-side Tributaries                                      3

(Orestimba, Del Puerto, Hospital/Ingram Creeks)
Grassland Watershed Subdivided into components

(Mud Slough North and Salt Slou,qh) -shown in Table 2

Appropriative and Riparian S JR Pumping 41

Surface Return Flows (Tail Water) 35

Surface Return Flows (Tail Water) 35

Subsurface Return Flows (Tile Drainage) 9

Groundwater every mile

Municipal and Industrial 2

Evaporation and Precipitation every 5 miles

"’-’,,.’ Evapotranspiration every 5 miles

tables.xls 1/2.2/98
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Table 3

SJRIO Run Descriptions
Run Description

SJRIO run equivalent to 73-year DWRSIM 468a study but with different water quality results;Base employs all DWRSIM 468a study New Melones releases to meet Vernalis salinity objective.

Base run with April and May DWRSIM 468a additional water to meet May 1995 WQCP Delta
1 Standards combined as May DMC recirculation and added to Grassland watershed input

data.

2 Run 1 with 100% March and April tile drainage withheld and released in May.

Run 1 with 100% March and April wetland discharge withheld and released in May.

Run 1 with 100% March and April tile drainage and wettand discharge withheld and released
in May.

Base run with all DWRSIM 468a additional water to meet May 1995 WQCP Delta Standards
as DMC recirculation.

Preliminary SJRIO runs exploring the use of DMC recirculation for DWRSIM 488a additional
6 - 10 water to meet May 1995 WQCP Delta Standards when Vernalis salinity objective is met,

Runs also explore various tile drainage and wetland discharge reoperation scenarios.

11a Base run with April and May base Tuolumne flows. _.

~-~: :~; ~ .... 1 lb Base run with April and May pulse Tuolumne flows. -

Run 1 lb with DMC recirculation employed as April and May DWRSIM 468a addwater to meet11c May 1995 WQCP Delta Standards.

Run 1 la with 50% tile drainage withheld in March and April; occurs only in years of both April12a and May DMC recirculation.

Run 1 lc with 50% tile drainage withheld in March and withheld tile drainage (50% March and
12b 25% April) divided equally between April and May tile drainage; occurs only in years of both

April and May DMC recirculation.

13 Run 1 with 50% tile drainage .withheld in March and April and released in May in all years.

Run 1 with 50% wetland discharge withheld in March and April and released in May in all14 years.

Run 1 with 50% tile drainage and wetland discharge withheld in March and April and released15 =n May in all years

Run 1 with 50% tile drainage withheld in March and April and released in May only in years of16 DMC recirculation.
Run 1 with 50% wetland discharge withheld in March and April and released in May oniy in

17 years of DMC recirculation.
!Run 1 with 50% tile drainage and wetland discharge withheld in March and April and released

18 in May only in years of DMC recirculation.

tables.xls 1/22’98
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Table 4

Tile Drainage Input Data for Split Month Analysis Runs

Two runs simulate the Iwo tile drainage reoperation periods: the six week withholding period (March 1 to April 15) during which 50% of lhe tile drainage flow is withheld, and the 30-day
pulse pedod (Apd116 to May 15) during which the withheld drainage is released and diluted by DMC reclrculation. The differences between the base input run for these two runs are
shown below. Posilive values mean more tile drainage flow than base. Note that the same quanitity wffhheld is released during lha pulse.

Water year type Wet Above and Below Normal Dry and Critical

Month and three- Difference from Difference from Difference fromTile drainage flow condilions month sum Monthly Flow (af) base Monthly Flow (at) base Monthly Flow (af) base

March 3,069 2,739 2,410
Base tile drainage input April 2,782 2,388 1,994

("’) May 21460 r 2r163 1 !867 ,,

I SUM 8,311 7,291 6,270

March 1,535 -1,535 1,370 -1,370 1,205 ol ,205
~ Input for tile drainage reoperation

tJ1
dudng the withholding period Apdl 1,391 -1,391 1,194 -1,194 997 -997

~
May 21460 0 21163 0 1 r867! (;

(~O SUM 5,386 -2,926 4,727 -2,564 4,068 -2,202

March 1,535 -1,535 1,370 -1,370 1,205 -1,205~ Input for tile drainage reoperation
during the pulse period April 5,012 2,23(~ 4,354 1,967 3,697 1170~

May 4t690 2123(~ 41130 11967 3t570 1 r70~

SUM 11,237 2,926~ 9,854 2,564 8,472 2,20~,

lablesoxls 1/23/98
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Table 5

Average DMC Recirculation Contribution Per Water Year Type
Water Year Type             April             May             Tola~

~. Wet 624 636 1,260

Average major S JR tributary input (TAF) Above Normal 283 205 488

Sum of four east side tributaries: S JR at Lander Avenue, Merced River, Normal 162 116 278
Tuolumne River and Stanislaus River Dry 114 88 202

Critically Dry 92 79 171

Wet 14 22 37

Above Normal 17 62 79

Average DMC recirculation input (TAF) Normal 39 66
Dry 42 46 88

Critically Dry 8 11 19
Wet 2% 3% 3%

DMC contribution to major S JR tributary inflow
Above Normal 6% 23% 14%

Normal 19% 36%Calculated by: DMC
* 100 .3~)"%(4-trib + DMC) i Dry 27% 34%

Critically Dry 8%! 12% 10%

lables.xls 1/23/98
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Table 6

SJRIO Results of Split Month Analysis Runs

These results show (1) base case output, (2) the effect of adding Period of tile drainage reoperation and DMC recirculation
DMC recirculation during the spring pulse (4/15 to 5115), and (3) the
effect of adding both DMC recirculation and tile drainage March April 1 to April 16 to May 1 to May 16 to
reoperation. Positive values mean more than base. April 15 April 30 May 15 May 31

¯ ~- Base tributary input results 377 339 311 300 293

>~ ~ Add DMC recir (difference from base) 0 0 44 77

>~ _.o Add DMC recirculation and tile drainage
< reop (difference from base) -1 -1 45 78

.~ ~ Base tributary input results 175 122 12; 155 155

~ ~ ~ Add DMC recir (difference from base) 0 0 44 77 0
~- t" I--.~.~ ~ Add DMC recirculation and tile drainage

0 -1 45 78 0reop (difference from base)

~ ~ Base tributary input results 738 561 538 504 564
EE

~ -~ Add DMC recir (difference from base) 0 0 -15 -8 0

{~i ,. ,,~
>~ u~ Add DMC recirculation and tile drainage

< reop (difference from base) -55 -32 5 13 29

"~ O Base tributary input results 1,234 1,465 1,465 1,249 1,249

~ ~ Add DMC recir (difference from base) 0 0 -375 -476 0

> -- Add DMC recirculation and tile drainage
< -119 -116 -335 -429 -33reop (difference from base)
0uJ                    Base tributary input results       29%       33%       23%       11%       22%

~ Add DMC recir 29% 33% 22% 8% 22%

~ Add DMC recirculation and tile drainage
o 19% 21% 23% 12% 22%

~ reop

~ -~ Base tributary input results 5.6 8.2 5.3 2.0 4.9

~’~ ~ Add DMC recir (difference from base) 0.0 0.0 -3.4 -0.6 0.0

< -~ Add DMC recirculation and tile drainage -2.4 -3.1 1.1 0.9 -0.5~ reop (difference from base)

The average annual savings of New Melones releases required to meet Vernalis salinity objectives
are 2 TAF with DMC recirculation and 2.2 TAF with DMC recirculation and tile drainage
reoperation.
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DRAFT
Table 7

Tile Drainage and Wetland Discharge Reoperation Results Summary
Base Run " March April May SumlThis table indicates the average, maximum and total amount of New MUlCheS water required

MaximumAVerage466 756 443 -~1151tO meet Vernalis salinity objectives (in TAF) and the percentage of months in which the
~lVernalis EC objective is exceeded in 73-year Study Period. Results given for March, April,

Sum 412 461 224 1, I~May’ and three-month sum. "% Exceed 29% 25% 16%
These two runs add DMC recirculatlon to the Base Run

Run 1 April & May addwater in May Run 5 All addwater as DMC recirculation Run 1 combines April and May addwater for release
March April May Sum               March April    May    Sum as DMC recirculation in May. Run 5 employs DMC

Average 6 6 2 14 Average 6 6 3 15 recirculation as addwater in all months indicated by
Maximum 46 75 38 159 Maximum 46 75 ¯ 44 165 DWRSIM 468a. Despite the addition of DMC

Sum 412 461 128 1,001 Sum 412 461 224 1,096 recirculation in Run 5, the results are no different from
% Exceed 29% 25% 10% % Exceed 29% 25% 16% the base run.

These three runs add tile drainage reoperation to Run 1
Run 2 100% withheld in all years Run 13 50% withheld in all years Run 16 50% withheld in DMC recirc years

March April May Sum March April May Sum March April May Sum
Average 2 2 14 4 Average 3 4 5 7 Average 3 4 5 12

Maximum 24 51 82 74 Maximum 34 63 59 97 Maximum 32 63 59 153
Sum 141 146 1,016 287! Sum     254 281 399 536 Sum 233 276 361 870

% Exceed 15% 14% 44% % Exceed    18% 22% 25% % Exceed 19% 22% 23%
These runs add wetland discharge reoperation to Run 1

Run 3         100% withheld in all years IRun 14           50% withheld in all years     Run 17      50% withheld in DMC recirc years
March April May SumI             March April    May    Sum              March April    May    Sum

Average 2 2 15 41 Average 4 4 6 7 Average 3 3 5 12
Maximum 27 49 82 761 Maximum 35 62. 59 97 Maximum 34 62 59 154

Sum 168 118 1,120 2861 Sum     270 258 420 528 Sum 248 252 378 877
% Exceed 15% 11% 44% [ % Exceed 18% 21% 26% % Exceed 19% 21% 25%

These runs add tile drainage and wetland discharge reoperatlon to Run 1

Run 4         100% withheld in all years ~Run 15           50% withheld in al~ years     Run 18      50% withheld in DMC recirc years
March April May Sum              March April    May    Sum              March April    May    Sum

Average 0 1 48 1 Average 2 2 15 4 Average 2 2 13 17
Maximum 11 26 140 37 Maximum 25 50 82 75 Maximum 25 50 82 157

Sum 22 37 3,504 59 Sum 155 133 1,078 288 Sum 140 130 940 1,210
% Exceed 5% 4% 66% % Exceed 15% 14% 44% % Exceed 15% 12% 41%
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Table 8

Vernalis Electrical Conductivity (uS/cm)
Base Case Results

WY OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP AVE
1922 551 564 500 713 479 627 436 519 308 639 867 612 568
1923 335 586 376 435 562 910 390 697 801 671 684 645 591
1924 293 795 765 785 950 1,044 781 632 814 597 597 595 721
1925 787 720 977 1,433 831 1,035 457 530 992 884 629 702 831
1926 447 710 807 854 530 1,269 484 542 791 950 691 563 720
1927 446 608 583 991 408 735 477 379 607 713 580 333 572
1928 206 585 483 6!7 727 773 471 546 580 659 555 629 569
1929 690 718 854 846 984 963 753 541 556 619 413 574 709
1930 502 853 902 986 871 1,004 686 904 616 825 546 682 781
1931 449 832 890 1,089 1,151 1,232 1,060 490 1,108 399 803 570 839
1932 466 822 417 472 317 572 416 521 828 928 444 516 560
1933 284 723 814 692 711 1,042 893 612 915 858 707 625 739
1934 522 808 828 848 687 1,038 824 713 1,089 523 772 575 769
1935 674 534 899 541 652 841 346 318 442 655 649 455 584
1936 324 717 601 709 236 476 336 401 627 815 610 467 527
1937 271 478 757 713 259 348 387 398 534 836 650 540 514
1938 357 618 350 340 189 190 248 188 188 534 710 450 363
1939 202 359 399 473 506 853 516 ’ 637 653 574 733 575 540
1940 631 739 792 524 302 257 474 451 776 558 877 508 574
1941 403 500 354 481 253 323 274 348 378 581 521 555 414
1942 204 419 307 290 321 424 392 348 345 673 878 532 428
1943 183 321 375 289 314 238 370 362 422 563 832 683 413
1944 240 396 543 781 552 901 547 620 797 772 605 778 628
1945 432 620 687 869 309 404 402 418 515 899 800 468 568
1946 256 385 249 317 356 663 547 569 720 ..701 921 456 511
1947 583 443 449 571 703 1,074 562 916 733 633 534 517 643
1948 548 740 1,138 1,044 1,465 1,375 631 609 823 .705 727 703 876
1949 651 647 976 1,092 1,043 1,012 726 598 916 547 437 770 785
1950 540 713 905 932 758 1,179 652 711 629 636 940 717 776
1951 605 198 193 222 250 425 461 603 705 906 718 563 487
1952, 454 451 629 320 355 268 333 268 198 602 746 491 426
1953 230 345 407 339 378 812 709 665 737 575 688 543 536
1954 588 590 794 987 983 1,184 487 759 650 436 497 519 706
1955 454 794 851 772 1,045 1,129 513 759 688 712 771 592 757
1956 433 550 207 169 279 438 471 495 336 501 742 606 436
1957 185 498 658 598 669 707 623 567 957 553 406 620 587
1958 483 549 859 1,057 605 339 224 253 258 614 621 535 533 ,. ’
1959 245 417 497 498 383 562 670 585 715 556 612 699 537
1960 547 888 927 909 868 916 654 658 564 791 624 594 745
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T~ble 8

Vern~lis £1ectric~l Oondu¢livi~y (u$/cm)
B~se O~se ~esults

WY OCT NOV DEC. JAN FEB MAR APR MAY JUN dUE AUG SEP AVE
1961 651 744 839 850 1,261 1,273 816 574 632 363 679 507 766
1962 485 993 933 1,442 431 552 522 648 897 788 484 641 735
1963 601 551 843 932 344 902 317 516 682 858 480 625 638
1964 299 481 605 572 831 824 901 543 684 535 708 580 630
1965 714 478 304 219 362 599 384 405 504 893 671 580 509
!966 242 289 261 338 477 678 851 809 966 647 586 636 565
1967 454 505 563 708 628 411 275 279 188 310 625 373 443
1968 201 362 314 417 430 654 875 589 829 753 719 627 564
1969 567 573 815 201 186 279 246 188 202 611 609 453 411 "
1970 162 357 334 209 326 367 455 440 542 672 684 638 432
1971 401 654 492 609 543 612 687 561 828 805 550 675 618
1972 488 760 734 716 935 967 828 546 986 633 626 631 737
1973 664 683 840 554 332 309 404 370 747 609 585 565 555
1974 284 336 461 306 408 430 417 455 587 769 791 541 482
1975 233 433 498 660 395 388 394 362 255 750 697 587 471
1976 228 577 610 727 811 1,330 788 578 937 . 715 464 677 703
1977 402 519 632 909 985 1,279 601 838 766 899 713 767 776
1978 628 694 846 701 461 402 298 350 357 719 764 479 558
1979 250 504 808 478 247 324 421 459 1,148 888 789 588 575
1980 322 611 899 214 194 309 505 399 332 371 575 390 427
1981 193 373 505 443 549 715 745 744 651 640 624 584 564
1982 468 810 732 248 193 251 195 242 243 550 744 360 403
1983 185 233 203 192 173 172 250 210 135 184 782 280 250
1984 206 198 160 204 273 358 550 629 715 627 740 568 436
1985 323 375 542 662 495 928 808 748 763 .486 571 721 618
1986 462 599 665 959 204 204 360 336 322 831 809 556 526
1987 262 387 498 735 770 916 786 528 908 821 549 551 642
1988 691 752 791 956 1,092 1,429 773 727 1,004 568 573 722 840
1989 586 843 900 973 1,3)9 1,012 599 524 956 913 612 689 828
1990 652 750 872 876 1,159 1,226 537 501 531 518 484 577 724
1991, 652 788 790 948 981 1,041 532 850 887 700 405 540 759
1992 795 899 871 1,082 799 930 753 632 656 712 499 528 763
1993 487 572 829 427 739 902 674 505 508 791 656 593 640
1994 269 591 735 828 900 1,338 687 588 1,141 720 772 611 765

Average 427 579 640 656 596 738 547 531 655 669 654 575
795 993 1,138 1,442 1,465 1,429 1,060 916 1,148 950 940 778 ,. ’
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½able 9A

Additional New Melones Releases (TAF) Required to Meet Vernalis Salinity Objectives
Base Case Results

WY OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP TOTAL
1922~ 0 0 0 0 0 0 0 0 0 0 33 0 33
1923 0 0 0 0 0 0 0 0 23 0 0 0 23
1924 0 0 O 0 0 5 15 0 20 0 0 0 40
1925 0 0 0 33 0 6 0 0 60 33 0 0 132
1926 0 0 0 0 0 34 0 0 16 41 0 0 91
1927 0 0 0 0 0 0 0 0 0 3 0 0 3
1928 0 0 0 0 0 0 0 0 0 0 0 0 0
1929 0 0 0 0 0 0 11 0 0 0 0 0 11
1930 0 0 0 0 0 1 0 40 0 20 0 0 60
1931 0 0 0 7 13 23 75 0 80 0 18 0 215
1932 0 0 0 0 0 0 0 0 30 44 0 0 74
1933 0 0 0 0 0 6 46 0 38 32 1 0 123
1934 0 0 0 0 0 4 24 2 70 0 11 0 112
1935 0 0 0 0 0 0 0 0 0 0 0 0 0
1936 0 0 0 0 0 0 0 0 0 23 0 0 23
1937 0 0 0 0 0 0 0 0 0 30 0 0 30
1938 0 0 0 0 0 0 0 0 0 0 2 0 2
1939 0 0 0 0 0 0 0 0 0 0 7 0 7
1940 0 0 0 0 0 0 0 0 17 0 37 0 54
1941 0 0 0 0 0 0 0 0 0 0 0 0 0
1942 0 0 0 0 0 0 0 0 0 0 38 0 38
1943 0 0 0 0 0 0 0 0 0 0 29 0 29
1944 0 0 0 0 0 0 0 0 19 15 0 0 34
1945 0 0 0 0 0 0 0 0 0 41 20 0 60
1946 0 0 0 0 0 0 0 0 4 0 45 0 49
1947 0 0 0 0 0 10 0 44 6 0 0 0 61
1948 0 0 12 4 38 46 0 0 26 1 5 0 132
1949 0 0 0 7 4 2 8 0 38 0 0 0 60
1950 0 0 0 0 0 29 0 3 0 0 50 0 81
1951 0 0 0 0 0 0 0 0 1 39 3 0 43
1952, 0 0 0 0 0 0 0 0 0 0 9 0 9
1953 0 0 0 -0 0 0 3 0 7 0 0 0 10
1954 0 0 0 0 0 31 0 16 0 0 0 0 47
1955 0 0 0 0 5 16 0 .13 0 2 13 0 48
1956 0 0 0 0 0 0 0 0 0 0 9 0 9
1957 0 0 0 0 0 0 0 0 53 0 0 0 53
1958 0 0 0 7 0 0 0 0 0 0 0 0 7 ’
1959 0 0 0 0 0 0 0 0 3 0 0 0 3 "
1960 0 0 0 0 0 0 0 0 0 18 0 0 18
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Table 9A

Additional New Melones Releases (TAF) Required to Meet Vernalis Salinity Objectives
Base Case Results

WY OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP TOTAL
1961 0 0 0 0 21 26 22 0 0 0 0 0 - 69
1962 0 0 0 36 0 0 0 0 38 15 0" 0 89
1963 0 0 0 0 0 0 0 0 0 34 0 0 34
1964 0 0 0 0 0 0 46 0 0 0 2 0 47
1965 0 0 0 0 0 0 0 0 0 39 0 0 39
1966 0 0 0 0 0 0 -39 24 55 0 0 0 117
1967 0 0 0 0 0 0 0 0 0 0 0 0 0
1968 0 0 0 0 0 0 43 0 24 9 4 0 80
1969 0 0 0 0 0 0 0 0 0 0 0 0 0
1970 0 0 0 0 0 0 0 0 0 0 0 0 0
1971 0 0 0 0 0 0 0 0 26 19 0 0 44
1972 0 0 0 0 0 0 26 0 58 0 0 0 85
1973 0 0 0 0 0 0 0 0 11 0 0 0 11
1974 0 0 0 0 0 0 0 0 0 14 18 0 32
1975 0 0 0 0 0 0 0 0 0 10 0 0 10
1976 0 0 0 0 0 40 18 0 42 3 0 0 102
1977 0 0 0 0 0 24 0 27 10 31 2 0 94
1978 0 0 0 0 0 0 0 0 0 6 13 0 18
1979 0 0 0 0 0 0 0 0 94 41 16 0 152
1980 0 0 0 0 0 0 0 0 0 0 0 0 0
1§81 0 0 0 0 0 0 13 9 0 0 0 0 23
1982 0 0 0 0 0 0 0 0 0 0 9 0 9
1983 0 0 0 0 0 0 0 0 0 0 16 0 16
1984 0 0 0 0 0 0 0 0 3 0 8 0 11
1985 0 0 0 0 0 0 28 10 11 0 0 0 49
1986 0 0 0 0 0 0 0 0 0 26 23 0 49
1987 0 0 0 0 0 0 18 0 34 20 0 0 72
1988 0 0 0 0 7 40 14 5 45 0 0 0 112
1989 0 0 0 0 26 1 0 0 46 42 0 0 116
1990 0 0 0 0 13 22 0 0 0 0 0 0 35
1991. 0 0 0 0 0 7 0 30 32 0 0 0 69
1992 0 0 0 7 0 0 13 0 0 2 0 0 21
1993 0 0 0 0 0 0 0 0 0 19 0 0 19
1994 0 0 0 0 0 37 0 0 80 4 13 0 134

rage       0 0 0 1 2 6 6 3 15 9 6 0 49
0 0 12 36 38 46 75 44 94 44 50 0 1,994

Sum 0 0 12 101 127 412 461 224 1,121 673 455 0 3,584
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Table 9B
Additional New Melones Releases (TAF) Required to Meet Vernalis Salinity Objectives

Run 11a and 1 lb Composite (Base Conditions)
WY OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP TOTAL

1922 0 0 0 0 0 0 0 0 0 0 33 0 33
1923 0 0 0 0 0 0 0 15 23 0 0 0 38
1924 0 0 O 0 0 5 15 0 20 0 0 0 40
1925 0 0 0 .33 0 6 0 0 60 33 0 0 132
1926 0 0 0 0 0 34 0 0 16 41 0 0 91
1927 0 0 0 0 0 0 0 0 0 3 0 0 3
1928 0 0 0 0 0 0 0 0 0 0 0 0 0
1929 0 0 0 0 0 0 10 0 0 0 0 0 10
1930 0 0 0 0 0 1 4 37 0 20 0 0 61
1931 0 0 0 7 13 23 75 0 80 0 18 0 215
1932 0 0 0 0 0 0 0 0 30 44 0 0 74
1933 0 0 0 0 0 6 46 0 38 32 1 0 123
1934 0 0 0 0 0 4 24 2 70 0 11 0 112
1935 0 0 0 0 0 0 0 0 0 0 0 0 0
1936 0 0 0 0 0 0 0 0 0 23 0 0 23
1937 0 0 0 0 0 0 0 0 0 30 0 0 30
1938 0 0 0 0 0 0 0 0 0 0 2 0 2
1939 0 0 0 0 0 0 0 0 0 0 7 0 7
1940 0 0 0 0 0 0 0 0 17 0 37 0 54
1941 0 0 0 0 0 0 0 0 0 0 0 0 0
1942 0 0 0 0 0 0 0 0 0 0 38 0 38
1943 0 0 0 0 0 0 0 0 0 0 29 0 29
1944 0 0 0 0 0 0 0 0 19 15 0 0 34
1945 0 0 0 0 0 O. 0 0 0 41 20 0 60
1946 0 0 0 0 0 0 0 0 4 0 45 0 49
1947 0 0 0 0 0 10 0 42 6 0 0 0 58
1948 0 0 12 4 38 46 0 0 26 1 5 0 132
1949 0 0 0 7 4 2 9 0 38 0 0 0 60
1950 0 0 0 0 0 29 2 11 0 0 51 0 93
1951 0 0 0 0 0 0 0 0 1 39 3 0 43
1952’ 0 0 0 0 0 0 0 0 0 0 9 0 9
1953 0 0 0 0 0 0 9 4 7 0 0 0 20
1954 0 0 0 0 0 31 0 17 0 0 0 0 48
1955 0 0 0 0 5 16 0 13 0 2 13 0 48
1956 0 0 0 0 0 0 0 0 0 0 9 0 9
1957 0 0 0 0 0 0 0 0 53 0 0 0 53
1958 0 0 0 10 0 0 0 0 0 0 0 0 10 ,. ’
1959 0 0 0 0 0 0 2 0 3 0 0 0 4
1960 0 0 0 0 0 0 0 0 0 18 0 0 18
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Table gB

Additional New Melones Releases (TAF) Required to Meet Vernalis Salinity Obiectives
Run 1 l a and 11b Composite (Base Conditions)

WY OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP TOTAL
1961 0 0 0 0 21 26 22 0 0 0 0 0 69
1962 0 0 0 36 0 0 0 3 38 15 0 0 92
~963 0 0 0 0 0 0 0 0 0 34 0 0 34
1964 0 0 0 0 0 0 46 0 0- 0 2 0 47
1965 0 0 0 0 0 0 0 0 0 39 0 0 39
1966 0 0 0 0 0 0 38 24 55 0 0 0 117
1967 0 0 0 0 0 0 0 0 0 0 0 0 0
1968 0 0 0 0 0 0 43 0 24 9 4 0 80
1969 0 0 0 0 0 0 0 0 0 0 0 0 0
1970 0 0 0 0 0 0 0 0 0 0 0 0 0
1971 0 0 0 0 0 0 8 0 23 20 0 0 50
1972 0 0 0 0 0 0 26 0 58 0 0 0 84
1973 0 0 0 0 0 0 0 0 11 0 0 0 11
1974 0 0 0 0 0 0 0 0 0 14 18 0 32
1975 0 0 0 0 0 0 0 0 0 10 0 0 10
1976 0 ’ 0 0 0 0 40 17 0 42 3 0 0 102
1977 0 0 0 0 0 24 0 27 10 31 2 0 94
1978 0 0 0 0 0 0 0 0 0 5 12 0 17
1979 0 0 0 0 0 0 0 0 94 41 16 0 152
1980 0 0 0 0 0 0 0 0 0 0 0 0 0
1981 0 0 0 0 0 0 13 9 0 0 0 0 22
1982 0 0 0 0 0 0 0 0 0 0 9 0 9
1983 0 0 0 0 0 0 0 0 0 0 16 0 16
1984 0 0 0 0 0 0 0 3 3 " 0 8 0 15
1985 0 0 0 0 0 0 28 10 11 0 0 0 49
1986 0 0 0 0 0 0 0 0 0 26 23 0 49
1987 0 0 0 0 0 0 18 0 34 20 0 0 72
1988 0 0 0 0 7 40 14 5 45 0 0 0 112
1989 0 0 0 0 26 1 0 0 46 42 0 0 116
1990 0 0 0 0 13 22 0 0 0 0 0 0 35
1991. 0 0 0 0 0 7 0 30 32 0 0 0 69
1992 0 0 0 7 0 0 12 0 0 2 0 0 21
1993 0 0 0 0 0 0 8 0 0 19 0 0 27
1994 0 0 0 0 0 37 3 0 80 4 13 0 136

Average 0 0 0 1 2 6 7 3 15 9 6 0 50
0 0 12 36 38 46 75 42 94 44 51 0 215 ,.

Sum 0 0 12 104 127 412 491 252 1,119 673 455 0 3,644
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Table 9C
Additional New Melones Beleases (TAF) Bequired {o Meet Vernalis Salini{y Objectives

Bun 11a and 11c Composite (Base Conditions with DMC Be~ireulation)
WY, OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP TOTAL

1922 0 0 0 0 0 0 0 0 0 0 33 0 33
1923 0 0 0 0 0 0 0 15 23 0 0 0 38
1924 0 0 0 0 0 5 15 0 20 0 0 0 40
1925 0 0 0 33 0 6 0 0 60 33 0 0 132
1926 0 0 0 0 0 34 0 0 16 41 0 0 91
1927 0 0 0 0 0 0 0 0 0 3 0 0 3
1928 0 0 0 0 0 0 0 0 0 0 0 0 0
1929 0 0 0 0 0 0 10 0 0 0 0 0 10
1930 0 0 0 0 0 1 4 37 0 20 0 0 60
1931 0 0 0 7 13 23 71 0 80 0 18 0 212
1932 0 0 0 0 0 0 0 0 30 44 0 0 74
1933 0 0 0 0 0 6 35 0 38 32 1 0 112
1934 0 0 0 0 0 4 26 2 70 0 11 0 113
1935 0 0 0 0 0 0 0 0 0 0 0 0 0
1936 0 0 0 0 0 0 0 0 0 23 0 0 23
1937 0 0 0 0 0 0 0 0 0 30 0 0 30
1938 0 0 0 0 0 0 0 0 0 0 2 0 2
1939 0 0 0 0 0 0 0 0 0 0 7 0 7
1940 0 0 0 0 0 0 0 0 17 0 37 0 54
1941 0 0 0 0 0 0 0 O" 0 0 0 0 0
1942 0 0 0 0 0 0 0 0 0 0 38 . 0 38
1943 0 0 0 0 0 0 0 0 0 0 29 0 29
1944 0 0 0 0 0 0 0 0 19 15 0 0 34
1945 0 0 0 0 0 0 0 0 0 41 20 0 60
1946 0 0 0 0 0 0 0 0 4 0 45 0 49
1947 0 0 0 0 0 10 0 29 6 0 0 0 46
1948 0 0 12 4 38 46 0 0 26 1 5 0 132
1949 0 0 0 7 4 2 8 0 38 0 0 0 60
1950 0 0 0 0 0 29 2 11 0 0 51 0 93
1951 0 0 0 0 0 0 0 0 1 39 3 0 43
1952. 0 0 0 0 0 0 0 0 0 0 9 0 9
1953 0 0 0 0 0 0 9 4 7 0 0 0 20
1954 0 0 0 0 0 31 0 17 0 0 0 0 48
1955 0 0 0 0 5 16 0 11 0 2 13 0 46
1956 0 0 0 0 0 0 0 0 0 0 9 0 9
1957 0 0 0 0 0 0 0 0 53 0 0 O. 53
1958 0 0 0 10 0 0 0 0 0 0 0 0 10 ,. ’
1959 0 0 0 0 0 0 2 0 3 0 0 0 4
1960 0 0 0 0 0 0 0 0 0 18 0 0 18
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Table 9C
Additional New Melones Releases (TAF) Required to Meet Vernalis Salinity Objectives

Run 11a and 11c Composite (ease Conditions with DMC Recirculation)
WY OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP TOTAL

196t 0 0 0 0 21 26 24 0 0 0 0 0 71
1962 0 0 0 36 0 0 0 3 38 15 0 0 92
1963 0 0 0 0 0 0 0 0 0 34 0 0 34
1964 0 0 0 0 0 0 36 0 0 0 2 0 40
1965 0 0 0 0 0 0 0 0 0 39 0 0 39
1966 0 0 0 0 0 0 23 15 55 0 0 0 92
1967 0 0 0 0 0 0 0 0 0 0 0 0 0
1968 0 0 0 0 0 0 26 0 24 9 4 0 64
1969 0 0 0 0 0 0 0 0 0 0 0 0 0
1970 0 0 0 0 0 0 0 0 0 0 0 0 0
1971 0 0 0 0 0 0 8 0 23 20 0 0 50
1972 0 0 0 0 0 0 17 0 58 0 0 0 75
1973 0 0 0 0 0 0 0 0 11 0 0 0 11
1974 0 0 0 0 0 0 0 0 0 14 18 0 32
1975 0 0 0 0 0 0 0 0 0 10 0 0 10
1976 0 0 0 0 0 40 18 0 42 3 0 0 102
1977 0 .0 0 0 0 24 0 26 10 31 2 0 94
1978 0 0 0 0 0 0 0 0 0 5 12 0 17
1979 0 0 0 0 0 0 0 0 94 41 16 0 152
1980 0 0 0 0 0 0 0 0 0 0 0 0 0
1981 0 0 0 0 0 0 5 9 0 0 0 0 13
1982 0 0 0 0 0 0 0 0 0 0 9 0 9
1983 0 0 0 0 0 0 0 0 0 0 16 0 16
1984 0 0 0 0 0 0 0 3 3 0 8 0 15
1985 0 0 0 0 0 0 26 10 11 0 0 0 47
1986 0 0 0 0 0 0 0 0 0 26 23 0 49
1987 0 0 0 0 0 0 18 0 34 20 0 0 72
1988 0 0 0 0 7 40 14 5 45 0 0 0 112
1989 0 0 0 0 26 1 0 0 46 42 0 0 116
1990 0 0 0 0 13 22 0 0 0 0 0 0 35
1991’ 0 0 0 0. 0 7 0 30. 32 0 0 0 69
1992 0 0 0 7 0 0 12 0 0 2 0 0 21
1993 0 0 0 0 0 0" 8 0 0 19 0 0 27
1994 0 0 0 0 0 37 3 0 80 4 13 0 136

Average 0 0 0 1 2 6 6 3 15 9 6 0 49
0 0 12 36 38 46 71 37 94 44 51 0 212

Sum 0 0 12 104 127 412 422 228 1,119 673 455 0 3,550
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Table 9D

Additional New Melones Releases (TAF) Required to Meet Vernalis Salinity Objectives
Run 12a and 12b Composite (Tile Drainage Reoperation and DMC Recirculation)

WY OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP TOTAL
1922 0 0 0 0 0 0 0 0 0 0 28 0 28
1923 0 0 0 0 0 0 0 12 19 0 0 0 31
1924 0 0 0 0 0 0 19 5 20 0 0 0 43
1925 0 0 0 -24 0 0 0 0 56 31 0 0 111
1926 0 0 0 0 0 24 0 0 16 41 0 O 81
1927 0 0 0 0 0 0 0 0 0 2 0 0 2
1928 0 0 0 0 0 0 0 0 0 0 0 0 0
1929 0 0 0 0 0 0 10 0 0 0 0 0 10
1930 0 0 0 0 0 0 0 44 0 20 0 0 64
1931 0 0 0 7 13 15 76 0 80 0 18 0 209
1932 0 0 0 0 0 0 0 0 25 43 0 0 68
1933 0 0 0 0 0 0 40 0 38 32 1 0 110
1934 0 0 0 0 0 0 30 11 70 0 11 0 122
1935 0 0 0 0 0 0 0 0 0 0 0 0 0
1936 0 0 0 0 0 0 0 0 0 21 0 0 21
1937 0 - 0 0 0 0 0 0 0 0 25 0 0 25
1938 0 " 0 0 0 0 0 0 0 0 0 0 0 0
1939 0 0 0 0 0 0 0 0 0 0 7 0 7
1940 0 0 0 0 0 0 0 0 12 0 34 0 46
1941 0 0 0 0 0 0 0 O 0 0 0 0 0
1942 0 0 0 0 0 0 0 0 0 0 31 0 31
1943 0 0 0 0 0 0 0 0 0 0 21 0 21
1944 0 0 0 0 0 0 0 0 16 13 0 0 29
1945 0 0 0 0 0 0 0 0 O. 39 17 0 56
1946 0 0 O 0 0 0 0 0 0 0 42 0 43
1947 0 0 0 0 0 1 0 41 6 0 0 0 48
1948 0 0 10 0 33 25 0 0 22 0 3 0 93
1949 0 0 0 0 0 0 0 0 36 0 0 0 36
1950 0 0 0 0 0 10 0 8 0 0 47 0 65
1951 0 0 0 0 0 0 0 0 0 37 1 0 38
1952. 0 0 0 0 0 0 0 0 0 0 3 O" 3
1953 0 0 0 0 0 0 0 2 3 0 0 0 5
1954 0 0 0 0 0 8 0 15 0 0 0 0 22
1955 0 0 0 0 5 6 0 15 0 2 13 0 41
1956 0 0 0 0 0 0 0 0 0 0 4 0 4
1957 0 0 0 0 0 0 0 0 49 0 0 0 49
1958 0 0 0 0 0 0 0 0 0 0 0 0 0
1959 0 0 0 0 0 0 0 0 3 0 0 0 3
1960 0 0 0 0 0 0 0 0 0 18 0 0 18
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Table 9D

Additional New Melones Releases (TAF) Required to Meet Vernalis Salinity Objectives
Run 12a and 12b Composite (Tile Drainage Reoperation and DMC Recirculation)

WY OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP TOTAL
1961 0 0 0 0 21 19 28 1 0 0 0 0 68
1962 0 1 0 27 0 0 0 1 35 13 0 0 77
1963 0 0 0 0 0 0 0 0 0 32 0 0 32
1964 0 0 0 0 0 0 43 0 0 0 2 0 45
1965 0 0 0 0 0 0 0 0 0 34 0 O" 34
1966 0 0 0 0 0 0 12 12 52 0 0 0 76
1967 0 0 0 0 0 0 0 0 0 0 0 0 0
1968 0 0 0 0 0 0 31 0 24 9 4 0 69
1969 0 0 0 .0 0 0 0 0 0 0 0 0 0
1970 0 0 0 0 0 0 O. 0 0 0 0 0 0
1971 0 0 0 0 0 0 0 0 19 18 0 0 37
1972 0 0 0 0 0 0 12 0 58 0 0 0 70
1973 0 0 0 0 0 0 0 0 7 0 0 0 7
1974 0 0 0 0 0 0 0 0 0 10 12 0 22
1975 0 0 0 0 0 0 0 0 0 7 0 0 7
1976 0 0 0 0 0 32 21 0 42 3 0 0 97
1977 0 0 0 0 0 15 2 36 i0 31 2 0 96
1978 0 0 " 0 0 0 0 0 0 0 0 6 0 6
1979 0 0 0 0 0 0 0 0 91 39 15 0 144
1980 0 0 0 0 0 0 0 0 0 0 0 0 0
1981 0 0 0 0 0 0 14 9 0 0 0 0 23
1982 0 0 0 0 0 0 0 0 0 0 2 0 2
1983 0 0 0 0 0 0 0 0 0 0 10 0 10
1984 0 0 0 O. 0 0 0 0 0 0 5 0 5
1985 0 0 0 0 0 0 31 10 11 0 0 0 52
1986 0 0 0 0 0 0 0 0 0 22 16 0 38
1987 0 0 0 0 0 0 18 0 34 20 0 0 72
1988 0 0 0 0 7 32 18 16 45 0 " 0 0 118
1989 0 0 0 0 26 0 0 0 46 42 0 0 114
1990 0 0 0 0 13 14 0 0 0 0 0 0 26
1991. 0 0 0 0 0 7 0 30 32 0 0 0 69
1992 0 0 0 7 0 0 12 0 0 2 0 0 21
1993 0 0 0 0 0 0 0 0 0 16 0 0 16
1994 0 0 0 . 0 0 27 2 0 80 4 13 0 125

Average 0 0 0 1 2 3 6 4 14 9 5 0 43
0 1 10 27 33 32 76 44 91 43 47 0 209 ,.

Sum 0 1 10 65 118 233 420 267 1,057 625 369 0 3,164

tab/es.xls 1128/98



January 30, 1998

Developing a Conceptual Design and Operating Plan
to Address Serious Agricultural and Fishery Management Issues

in the Lower San Joaquin River and San Joaquin Delta
with Particular Regard to the Proposed Use of Channel Barriers

by

Alex Hildebrand and Bill Loudermiik

Introduction

The lower San Joaquin River and San Joaquin River Delta ecosystem
no longer functions adequately to support conventional agricultural and water
management practices. Similarly, it no longer functions adequately to sustain
anadromous and resident fisheries. Fish and farming interests in the South Delta
area rely on the volume, depths and quality of water flowing in the natural river
channels. These provide aquatic habitat and support riparian diversions to produce
crops. Fishery and irrigation needs occur there at some level every month of the
year. Fish populations are determined in part by the spatial and temporal nature of
habitat conditions, the water quality and the biological interactions which exist in
these river channels throughout the year. Finally, California State and Federal
Water Projects divert large quantities of water from these same channels in the
South Delta throughout the year to meet agricultural, industrial and domestic needs
south and west of the Delta. The challenge we all face is to develop and
implement programs that adequately protect each of these beneficial uses
consistent with law and policy. It is important that we recognize the many
projects or programs that are underway and planned, and that we address each
aspect of these activities in the perspective of the broader need to protect all
beneficial uses over the short and longer term. Each incremental step must
eventually add up to the whole.

To this end we suggest a process and a "straw plan" for your consideration
in the hope that it will a) help facilitate a more focused understanding of the
interrelated issues needing greater attention, and b) help lead to Barrier Program
(TBP & ISDP) design and operation plans acceptable to different interests.
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Issues Affectinq Beneficial Uses

The current condition of the lower San Joaquin River and San Joaquin River
Delta ecosystem is detrimental to both fish and agriculture in several respects.
Factors influencing this condition include the following:

1) Water surface elevations in the vicinity of the State and
Federal export pumps are significantly lowered by the
operation of the pumps. This results in drawing down.
the water levels to varying degrees over much of the
South Delta area. There is then inadequate water depth
to operate existing agricultural diversion pumps,
particularly during low tides. Resident and anadromous
fish in these areas, although generally accustomed to
natural tidal influences in the habitat, are influenced
directly and indirectly by the effects of intensive pumping
operations in the South Delta. Shallow channels are also
a problem for navigation.

2) In the absence of a spring barrier at the Head of Old River
(HOR), intensive pumping and associated drawdown
causes most, and frequently all, of the inflow of the San
Joaquin River at Vernalis to flow through Old River and
Grantline Canal directly to the export pumps unless the
three tidal barriers are operated to provide much of the
same protection. This drafts anadromous fish (e.g. San
Joaquin fall-run chinook salmon fry and smolt from
January through June, striped bass, America Shad and
others) and resident fish into less viable habitat areas and
subjects them to higher mortality rates. To the extent that
overall pumping demand typically exceeds San Joaquin
River flows at Vernalis, water from the north is therefore
generally drafted to the South Delta. This can draw San
Joaquin salmon and resident fish (e.g. Delta smelt, Iongfin
smelt, splittail) and Sacramento River fishes (e.g. winter-
and spring-run chinook salmon) into less viable habitats,
exposing them to higher mortality rates.

3) Since export pumping exceeds the San Joaquin inflow in
many months of most years, there is typically a reverse
flow pattern in the main channel of the San Joaquin River
from Stockton to the head of Old River. The direction
and net downstream velocity in other channels of the
South Delta are also influenced. This reversal typically
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¯
contributes to less viable fish habitat conditions (e.g.
inadequate dissolved oxygen (DO) for adult salmon to
pass Stockton in the fall or slower fish passage rates in
the spring).

4) The Delta Mendota Canal imports roughly a million tons
of salt into the San Joaquin watershed in a year of full
SWP and CVP contractual deliveries. Part of this salt
load is substantially concentrated by San Joaquin Valley
farm and wetland use and then drains into the San
Joaquin River upstream of Vernalis, largely via Salt and
Mud Sloughs. Under current tributary streamflow
regimes and in the absence of tidal barriers in the South
Delta, a large portion of this load of drainage salt in the
river is then drawn back to the Federal pumps and
reexported (i.e. recirculated and concentrated). This salt
load causes a very high salinity in the river downstream,
especially between the confluences of the Merced and
Stanislaus Rivers. It also accumulates in stagnant
reaches in South Delta channels where there is
sometimes no net unidirectional flushing flow as a result
of the distortion of circulation in these channels.
Agricultural practices and the fish present are impacted
by this poor quality water in the absence of barriers in
combination with the effect of water level drawdown.

5) Another consequence of this recirculating salt load that
occurs in the absence of the barriers is that a regulatory
requirement is imposed on New Melones Reservoir to
release dilution water down the Stanislaus River to meet
the salinity standard on the San Joaquin River at
Vernalis. These required releases influence the instream
habitat conditions on the Stanislaus River and can take
water that is urgently needed at other times for instream
and other beneficial uses of Stanislaus water.

6) The San Joaquin River along the valley floor south of
Stockton is receiving an average of roughly two million
yards of sediment each year. This has aggraded
substantial portions of the channel along the valley floor
and in portions of the South Delta channels with six to
eight feet of sediment in receht decades. This sediment

.. moves into and is deposited in the Delta primarily during
flood events. This aggradation of channels exacerbates

C--115498
C-115498



the problem of inadequate water depth and high
temperatures in South Delta channels. There is no
program for control of this aggradation in San Joaquin
and South Delta channels north of the Merced River. If it
is not controlled it will continue to fill Delta channels
because it is not conveyed beyond deep tidal channels
toward the ocean.

7) Anadromous fishery populations in the San Joaquin basin
have declined to seriously low levels and sport fishing
opportunity in the valley has been eliminated due to these
declines. The long term genetic health of these
populations may be jeopardized due to the selective
nature of protective measures.

Listed Fish Species and Protection of "Unlisted" Anadromous Fish

We now have California and Federal listing of Sacramento Winter run salmon
(Oncorhychus tshawytscha), and Delta Smelt (Hypomesus transpacificus) under the
Endangered Species Acts. We also have the formal State candidate status of
Spring run Chinook salmon, and the potential Federal candidacy of Splittail
(Pogonichthys macrolepidotus) and especially steelhead (Oncorhynchus mykiss).
These and the potential listing of other aquatic species will continue to challenge
our collective ingenuity to protect all the beneficial uses of water. One of the most
illusive challenges is to remain focused on the listed/candidate species pursuant to
these laws while avoiding impact to other species or uses of water.

Implementation of the State and Federal Endangered Species Acts (CESA
and FESA, respectively) is generally initiated with informal or formal consultation
upon submittal of project plans, new operational plans or standards, a change in
the status of listed species, or new listings. The process requires a specific focus
on the status and needs of the species in question in relation to the proposed
projects based on the best information available. Considering the overlapping
needs of multiple listed species (e.g. Winter run Chinook and Delta smelt) and
protective measures ascribed in Biological Opinions under both CESA and FESA is
challenge enough. Effective protection of unlisted fish species, farming and other
industries adds to the challenge.

It has long been recognized that efforts to restore Fall run Chinook salmon
originating in the San Joaquin basin tributaries must include improved protection
during adult and juvenile migrations through the South Delta. Significant water
and funding resources are being committed in upstream areas to affect this
restoration pursuant to State and Federal mandates. Other laws require further
mitigation associated with existing or new projects. Yet the level of South Delta
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protection during juvenile emigration can severely limit the benefit of these public
and private investments.

Measures to improve salmon smolt survival during emigration through the
South Delta such as installation and operation of the HOR barrier appear good on
the surface. Many people assume this barrier is doing the job in spite of the brief
periods of installation. Operable barriers would simply be opened to protect listed
species, thus eliminating the protective mechanisms assumed for unlisted species.
Survival rate studies thus far have focused on short time periods in the spring and
the results are quite variable, some suggesting no benefits while others are quite
encouraging. However, on a population basis the information available indicates
that only limited protection has so far been afforded natural outmigrant smolts by
the HOR barrier because a) the installation is too late (April 15), b) the removal is
too soon (May 15), and c) even after late installations the operational periods are
further truncated or minimized to protect other species (e.g., HOR barrier operation
in 1994 was delayed until April 23 and then removed in 25 days when smolt
emigration occurred over 190 days). These operations can not only limit the
physical protection intended, and the benefit of upstream actions to protect
salmon, but can actually take the form of additional selective pressure (temporal
selection) on these weak stocks. If pulse flow management in the tributaries
focuses attention on a relatively narrow time period (31 days) but HOR barrier
operations during that same time period are brief or truncated the two actions
(tributary and Delta) are not compatible and may no longer represent an effective
overall management strategy.

With the exception of high flow conditions at Vernalis, the operational
periods for the HOR barrier are generally driven by the Biological Opinions for listed
species. The net effect is that the very basic needs of the fish and farmers along
the Lower San Joaquin River and South Delta are not satisfied in many years.

Other Background

The Department of Water Resources, U.S. Bureau of Reclamation and SDWA
entered into an agreement on a framework for settling the 1982 litigation brought
by SDWA. They agreed to work together to develop a mutually acceptable long
term solution to the water supply problems of SDWA users as they relate to
operations of the CVP and SWP.

Under the Framework Agreement the parties developed a long term contract
committing the three agencies to construct and operate three permanent tidal
barriers in Middle River, Old River near Tracy, and Grantline Canal, subject to
obtaining necessary permits and approvals. Several other minor improvements
were implemented. We can review the extensive studies that have been made in
methods of protecting the South Delta’s shallow channels from reductions in water
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depth and from stagnation caused by inadequate circulation. Barriers have so far
been the only effective method that has been devised, and they have proven to be
very effective in solving that problem.

Since the late 1980’s the SWP, CVP, and South Delta Water Agency
(SDWA) have pursued the design, permitting and use of tidal barriers to ameliorate
the effects of water project operations on water levels and water quality in the
South Delta. Currently, these efforts consist of the "Temporary Barriers Project"
(TBP) and more permanent structures under the "Interim South Delta Project"
(ISDP). Concurrent with this endeavor to resolve issues of concern to SDWA,
SWP, and CVP, several fish species have been listed under State and/or Federal
Endangered Species Acts, and major new anadromous fish restoration laws and
policies have been established. There is now broad public involvement in
ecosystem restoration efforts. In addition, the level of monitoring and study of the
San Joaquin tributaries, lower San Joaquin River and the San Joaquin Delta has
intensified. Adequate fishery protection in conjunction with the remedial use of
barriers to resolve water level and water quality issues in the South Delta is more
urgent than ever. Implementation of this barrier program is underway through
several venues, including the TBP and ISDP, but we have not yet devised adequate
fish protective measures, in part due to a basic lack of understanding. There is
now a major State and Federal "ecosystem restoration" initiative underway under
the CALFED Bay Delta Program. Significant funding and support is feasible
through this program if consensus is reached on an approach.

Finally, the Vernalis Adaptive Management Program (VAMP) is being
developed to improve habitat conditions for a thirty-one day period in the San
Joaquin River, its tributaries and the South Delta. The purpose is to test the
independent and dependent influence of Vernalis flows and Delta exports on San
Joaquin salmon smolt survival with barrier operation.

The design and permit process for the four South Delta barriers under the
TBP has not been effective thus far in resolving key issues. Monitoring results
documenting the benefits and effects of the proposed barriers have not been
conclusive due in part to the protocols used and a lack of consistent physical
conditions during the monitoring efforts. The process has not resulted in a good
mutual understanding of physical and biological objectives to be achieved, the
hydraulics of the modified system, or of the interaction between barrier operation
and upstream flow and geographic improvement in water quality. It has not
effectively examined the potential for designing and operating the barriers in a
manner that optimizes the compatible resolution of various needs. We may face
the same dilemma under the ISDP.
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Conceptual Design and Operating Plan for Barriers

We believe that tidal barriers in the South Delta can contribute to resolving
these problems, if we understand enough about the site and resources and design
and operate them appropriately in conjunction with other actions (e.g. VAMP,
CALFED Ecosystem Restoration, AFRP actions, etc.). Again, the incremental parts
must add up to the whole. Some tradeoffs or mitigation measures are inevitable in
developing compatible solutions. To become effective, the barriers must be
designed and operated in a manner that does not solve one problem at the expense
of another, or create unacceptable new problems. They must also be developed
and operated in context with the other programs influencing conditions in the
South Delta, to be part of a cumulative improvement effort. No single action can
resolve ecosystem-level problems such as these. Perhaps a sequence of necessary
actions including the barriers program can be defined such that each action is in
context with long term restoration. On the ground considerations in meeting these
objectives should include the following as a starting point:

1)    When the Middle River (MR) and Old River near Tracy (ORT) tidal barriers are
functioning good quality water and water depths are maintained and circulation in
the shallow portions of Old River and Middle River within the South Delta
improves, and water export pumping can continue. These barriers have little effect
(when operated by themselves) on water circulation outside of South Delta
channels. They in some degree augment flow through the Salmon Slough area
between Old River and Grantline Canal. They therefore assist in dispersing the
Tracy sewage outfall and maintaining adequate DO in that area. The permanent
barriers when fully open will permit boat and fish passage during rising tides. The
tidal gates in the temporary barriers open during rising tides and are designed to
overtop during the peak of high tide.

2)    If the HOR barrier is operated by itself as a "tight" barrier, it assists in
correcting the fall DO problem downstream of Old River in the San Joaquin River.
In the spring it shunts salmon smolts away from direct diversion to the export
pumps via Old River. It also largely prevents the salt load which drains into the
river from the CVP service area from being reexported by the Federal pumps.
However, that barrier greatly exacerbates the problem of inadequate water depth,
and of water quality below the Tracy sewage outfall and in stagnant channels
downstream of the barrier. It is, therefore, necessary to mitigate these impacts of
the barrier’s operations by letting a controlled amount of water over, around or
through the HOR barrier. The barrier must be designed to pass this water with a
minimum entrainment of fish, as is discussed later in this memo. Fish losses may
need to be mitigated as well. The amount of water that must be let through can
be substantially reduced by simultaneous full operation of the MR and ORT
barriers,’and by operating the Grantline (GL) barrier as a flow restrictor or low weir
so as to make a modest increase in water elevation between it and the HOR barrier
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during low tides. When the export pumping rates are high and the agricultural
diversion needs are at summer levels it would probably not be feasible to mitigate
adequately the impact of the HOR barrier even with a reasonable amount of
controlled flow past the barrier. (However, operation of all three tidal barriers at
those times can provide much of the same protection.) Retaining the ecological
values in this area while operating such a system is the real challenge we all face.

3)    When the HOR barrier is not functioning, the GL barrier can help mitigate the
drawdown of the export pumps. However, it is expected to be opened
intermittently during high-low tides to flush water and control DO. It would also
be open during rising tides. The GL barrier can be operated with some spill when
river flows are too great to permit the use of the HOR barrier. Boat locks must be
provided for use during ebb tides.

4) All of the barriers must be open during flood flows and must be designed to
cause no flow restriction during such flows.

5)    When either the HOR barrier or the fully operated GL barrier is functioning
the circulation of water is affected beyond the South Delta. Modeling and
analyses suggest that this change in circulation would be beneficial to San Joaquin
salmon because they are not drawn directly to the Federal export pumps.
Monitoring and duration of installation of the HOR barrier has been too meager to
illustrate this benefit in terms of salmon population recovery. The change in
circulation caused by these barriers also reduces DO problems downstream of the
head of Old River. Furthermore, since it reduces the salt load that is recirculated
via the DMC it is expected to reduce the need to use New Melones dilution water
to meet the Vernalis salinity standard. However, the flow of San Joaquin water
does not then go direct to the export pumps and the flow of water from the
Central Delta toward the export pumps is correspondingly increased when either
the HOR or GL barrier is functioning. This may at times be detrimental to Delta
smelt or other species. It is, therefore, necessary to maintain and perhaps improve
the system of discerning when the risk of an incremental impact on endangered
and unlisted species is caused by this change in circulation. Judgements are
necessary to protect listed and unlisted species but should also take into
consideration the full breadth of those decisions as they affect the benefits for
other fish, for quality, for export, for South Delta inchannel water supply, and for
reducing the burden on New Melones. When exports must be reduced to protect
endangered species, the need for the HOR and GL barriers is also reduced, but they
are still needed to the extent that the drawdown of water levels by a reduced level
of export must still be mitigated. The "no net loss" provision in the Delta Accord
must not result in exports that damage third parties.

As a starting point for discussion, the potential conflict among protection of
Delta smelt and winter run salmon, protection of San Joaquin fall run salmon,
protection of South Delta in-channel water supply, and continuation of Project
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export rates may be minimized when endangered fish species are at risk by the
following measures:

a)    Open the HOR barrier. Operate fully the MR and ORT barriers.
Close the GL barrier only during portions of tidal cycles and only to
the extent necessary to avoid periods when the water depth upstream
of that barrier would otherwise fall too low for operation of local
diversion pumps. The extent to which this operating plan would
reduce the flow of San Joaquin water through Old River and Grantline
Canal and increase flow toward Stockton (as compared to fully
opening both the GL and HOR barriers) would depend on the Vernalis
flow, tidal energy and direction, the export rate, the local diversion
rate, and the water level needed to provide adequate water depth.
Data is available regarding the frequency that water levels have
dropped below any proposed minimum level. Information on the
timing of fall run salmon, splittail, and Delta smelt are also available.

b)    The water level needed for.adequate water depth can be
reduced if the accumulating sediments are removed from the
shallowest channel reaches where diversion pumps have inadequate
draft.

6)    The barriers should not cause channel aggradation. However, the
aggradation exacerbates the need for barriers. It is essential that a program of
channel maintenance be undertaken. Channel maintenance alone can not solve the
problems we have discussed, but if there is no channel maintenance the barriers
will gradually become an inadequate solution.

Fish friendly barrier designs

The design of the HOR barrier must be capable of passing a controlled
amount of water into Old River while avoiding losses and optimizing the fishery
benefits of the barrier. The amount of water let through must be varied with river
flow, diversions, and tides to minimize the amount of through flow needed to
protect diversions and DO downstream of the barrier. It is also necessary to
design and operate the barriers to permit upstream and downstream migration of
salmon and other species through the barrier locations. This is admittedly difficult.
We propose the following approach to meeting these objectives.

HOR barrier

Unless an as yet unknown substitute is devised, the design of the HOR
barrier must permit adequate water supplies to flow from the San Joaquin channel
into Old River with a minimum entrainment of salmon smolts and a minimum
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disturbance of their progress downstream toward the Central Delta. This may be
accomplished by (a) encouraging a sweeping velocity parallel to the head of Old
River (avoid back eddies or perpendicular flows) and (b) minimizing the velocity of
water approaching the barrier openings through which water flows. There are
probably several alternative approaches to meeting these objectives. A redesign of
the channels at this important flow split may be necessary. Substantial avoidance
of eddies and reduction of fish entrainment should be technically feasible. For
example, an array of baffles or vanes could be provided at the entrance to Old
River positioned so that smolts tend to go on downstream with the majority flow
which is toward Stockton. The openings through the barrier would then be
dispersed over a large surface area so that there is no concentrated flow at one or
a few points. The barrier openings or bypasses would be selectively located in the
water column if it is determined to improve fish passage efficiency. The amount of
total flow through the barrier would be controlled to the minimum needed to
maintain a specified minimum water level and help maintain a minimum DO as
monitored in Salmon Slough or at one or more representative but more accessible
locations.

In the fall, it may be desirable eitl~er to have a fish ladder or an intermittent
opening of the barrier in order to avoid trapping upstream fish migrants.

Grantline (GL) barrier

The GL barrier can be operated as a full tidal barrier when the HOR barrier is
not operating, except when it causes an endangered species or some other
problem, or when its full operation causes a DO problem in channels upstream of
the barrier. During full operation it would provide a hydraulic barrier to keep San
Joaquin River salts and downstream fish migrants from being drawn into Old River.
These latter objectives would be partially achieved even when the barrier is
operated only to avoid extreme low water levels.

When the HOR barrier is operating the GL barrier would be operated to the
extent necessary to mitigate the loss of water depth caused by the HOR barrier but
with a minimum of flow through the HOR barrier as previously discussed. This
would require that a controlled flow be passed through or across the GL barrier
based on maintaining a specified water depth and minimum DO in the South Delta
channels.

When it is deemed that full operation of the barrier would cause an increase
in the "take" of listed species or other species at the pumps, this barrier could be
operated as discussed above. However, any level of exports that is allowed must
always be mitigated to maintain adequate water levels. Exports and measures to
mitigate export impacts should be viewed as a single package.
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Barriers in Middle River (MR) and in Old River near Tracy (ORT|

These barriers would be operated at all times that they are needed to
mitigate either the drawdown by the export pumps in those channels and/or the
dewatering caused by the HOR barrier. The same would be true of the GL barrier
except for the situations discussed above.

Recommendation

The staff for the Temporary Barrier Program, the Interim South Delta
Program, the Anadromous Fishery Restoration Program and other programs are
involved in ongoing but separate processes to implement programs involving
barriers. Relative to but separate from these programs we propose a series of
about four facilitated non-adversarial and structured discussions during the next
two months focused on the suite of Barrier Program Objectives, the benefits of
beneficial uses, the additional information needed in order to design and operate
the barriers appropriately, possible alternative solutions, etc. This memo is offered
only as a point of departure for the discussions. It is not intended to bias the
proposed discussions in regard to matters of policy or management preference We
would hope that all parties will work together to develop compatible and balanced
solutions to meeting the various needs which the barriers can help provide. We
propose that these discussions be convened by DWR and Fish and Game to include
the U.S. Fish and Wildlife Service, SDWA, the U.S. Corps of Engineers, and others
involved in the planning, permitting, and implementation process. We suggest that
the meeting be chaired by a neutral but knowledgeable person with facilitation
skills.

We believe that this can lead to better communication and mutual
understanding at both technical and policy levels. It should help reduce adversarial
attitudes and, thereby, enhance the development of optimally compatible solutions.
The authors of this memo will assist in any appropriate manner.
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TABLE V-18 ,. ~’ ~’,

SUMMARYOF REDUCTIONS IN RUNOFF OF SAN JOAQUIN RIVER AT VERNALIS FROM PRE-CVP TO POST-CVP

EFFECT OF ALL POST-CVP UPSTREAM        EFFECT OF CVP ON RUNOFF AT VERNALIS
~ DEVELOPMENT ON RUNOFF AT ’

VERNALIS

YEAR TYPE & PERIOD
Reduction in Post CVP Reduction Reduction Reduction at Reductio~ at
Runoff_ as Percent of in RunoffI Vernalis as Vernalis as
acre-reefI Pre-CVP acre-feet Percent of Percent of

Actual Runoff Pre-CVP Flow Post CVP Flow

DRY

April-Sept 417,000 682 6,0003 1.4 3.0
Full Year 519,000 45 128,000" ll 13

BELOW NORMAL

April-Sept         1,064,000           60~          386,000       22~            55
Full Year            1,2!9,000             44z            543,000        20-              35

ABOVE NOP~MAL

April-Sept 1,732,000 57 440,000 15 40
Full Year 1,400,000 28 768,000 15 25

WET

April-Sept 1,000,000 19 554,000 15 i0
Full Year 1,168,000 13 771,000 9 12

AVERAGE OF ALL YEARS

April-Sept          1,053,000 40 345,000 13 24
Full Year 1,076,000 24 553,000 12 19

~. From Tables 2, 4~ 6, 8, 10, 12, 147 16 "

2. Pre-CVP "actual" is assumed to be post-CVP actual plus pre-CVP to post-CVP loss
oer Tables 4, 6, and l0

3 Cc    ~ted for difference in pre-CVP and post:~: ~ unimpaired flow ...
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TOTAL NET ACCRETION - 24,139,000 TONS dII ¯
’ MEAN RATE . 603,500 TONS I YEAR

20O0O 1

NET ACCRETION - 0

z

I

1920 lt~30 1940 1950 1960 1970 1980 1990

NET SALT LOAD ACCUMULATION
SAN JOAQUIN BASIN, 1930 - 1989
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ANNUAL SALT LOAD, 1000 TONS

1930
1931
1932
1933
1934
1935
1936
1937
1938

1940
1941
1942
1943
1944
1 945

1948
1949
1950
1951
1952 ~ ~ O

1954

~955 --
~957                 ’

1961 I
1962 I
1963 I I
1964 I
1 965 I III
1966
1967
1968 II I
1969
1970
1971
1972 I .,
1973 II
1974
1975
1976 -
1977 II
1979
1979
1980 II I I

1981
1982 " I
1983 I1~1 I
1984 II II
1985
1986 I
1987 O1988 ~ ~ Z
1989 I

s wA

C-]]5510



I. Pos=-CVP flow 1000 acre-fee:

A-S 190 246 1200 ~ 3639’
O-H 695 1450 950 2836
Year 885 1696 2150 6475

2. Reduction in flow due to CVP i000 acre-feet

A-S 6.5 407* 572 760
O-H 109.0 136 350 633
Year 115.5 .543 922 1393

3, Posc-CVP TDS mg/L

A-5 673 683 326 225O-H 418 284 461 308
Year 546 484 394 267

4. R~ductfon in Post-CVP TD$ due to
restoring CgT reducuion in flow

A-S 21 395 89 30
O-M 50 20 111 47
Year 57 105 103 38

¯ ?~ 5. Increase in Salt Load due to CVP,
through decade of 1960s 1000

A-S 58 77 21 43
O-H 44 52 19 27
Year 102

~ 40 70
v

6. Reduction in Poet-CV~ TD$ due to
removal of CVP contribution to
salt load increase mgll

r~~
"                                           Year 85 56 l& 8

7. Reduction in Post-CVP TDS due to
restoring CVP flo~ reduction and
removln8 CVP contribution to salt
load increase                                 mg/L

A-S 238 48~* 98 37
O-M 90 44 121 53
Year 132 148 113

8. TDS that would have existed on
~he average in the absence of
the CVP mglL

A-S 435 202 228 188
O-M 328 2~0 340 255
Year 414 336 281 222

i. Based on Tables V-2 ~hroush V-17 for decade of.1960s

2. From Table V-21, using average values over ~he ranges indica~ed

3. From Table VZ-13

Pos~-CV? flow x Posc-CV~ TDS ÷ 50 x CV? flow reduction4. Reduction - Posc-CVP TDS - Po$~-CVP flow + CVF flow reduculon

¯ (3) - (I) x (3) + 50 x (2)(1) + (2)
Sale Load Increase

5. From Table V~-34; Average ~ncrease Caused by C~T in 1960s~ Pre-CVP sal~ load - PerceR~ of Pre-CVP x 100

Salt Load I~crease Due to CVP (5) x I000
6. Reduction =     L36 x Posu-Cv’P flow 1.36

Poet-CV? flow x Posc-CVP TDS - Sal~ Load Incr./l.36 + 50 x C~P flow reducrlon
7. Reduction - Posr-CVP TDS - Pos~-CVP flow ÷ CVP flow redu¢clon

- (3)    (1) x (3) - (5) x i00011.36 ÷ 50 x(1) + (2)
. 8. TDS wlthou~ CVP - Post-CVP TDS - Reduction due ~o CVP = (3) - (7)

* Flow reduction for an everase "below norma~" year in the April--Sep~ember period; this may be hl6h for ~he
sin~e "below normal" Fear (1966) that occurred in ~he ~960s

** This esclmaue ~s probably high for the reason given above (*). The actual effect would probably nor
exceed abou~ 385 mglL.
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SOUTH DELTA WATER AGENCY
2509 WEST MARCH LANE, SUITE 200

POST OFFICE BOX 70383
STOCKTON. CALIFORNIA 95267

TELEPHONE (209) 474-~09
FAX (209) 474-9701

Director: Coun~l:
Jerry Robinson, Chairman B~-wer, Patridge
Peter Alvarez, V[ce..C~irman & Her~ck
Alex Hildebrand, Secretory Engineer:.
Robert K. Fergu.~n Gerald T. Orlob
Natal[no Bacchetti

July 15, 1997

Ms. Stacey Gianoli
State Water Resources Control Board
Bay-Delta Division
P. O. Box i00
Sacramento, CA 95812-0100

Re: South Delta Channel Depletion Requirements
Development of 1995 WQCP EIR

Dear Ms. Gianoli:

:    Enclosed please find the channel depletion requirements for
the South Delta for all monthsexcept July as developed by Mr.
Jerry Orlob, Engineer for SDWA. As we discussed, the calculation
for these amounts is predicated on the South Delta tidal barriers
being installed and operated. The channel depletion amounts for
the South Delta in the absence of the barriers are unknown but
would be higher.

It is my understanding that you have the amounts for the month
of July, as they are included in an exhibit to the Draft Contract
between SDWA, USBR, and DWR which seeks to settle the 1982 lawsuit.
These amounts for other months were produced at the request of USBR
during our ongoing negotiations. It is my understanding that USBR
andDWR would agree that these numbers are accurate because SDWA’s
engineer deve!oped them from the calculations set forth in the
Draft Contract.    However, I do not believe DWR or USBR have
confirmed their accuracy.

Very truly yours,

BREWER, PATRIDGE & HERRICK
Attorneys At Law

JH/dd
Enclosure                                                                            -
CC: Mr. A1 Candlish, Bureau of Reclamation                       SDWA22

Mr. Fred Bachman, DWR

C--11 551 2
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~R~ B33
Oct-Sep Frcst OID/SSJID Mar-Sep Frcst Annual

Plus Feb. EOM Fish Release
(TAF) (TAF)    Storage (TAF) (TAF)

From To From To From To From To
0 0 1400

600 1400 2000
6000 2000 2500
N/A 2500 3000
N/A 3000 6000

Mar-Sep Frcst Max. Ann Mar-Sep Frcst Max. Ann
:~lus Feb. EOM WQ Release Plus Feb. EOM BD Fsh Rel
Storage (TAF) (TAF) Storage (TAF) (TAF)
From To From . To From "To From To
0 1400 0 1400

1400 2000 1400 2000
2000 2500 2000 2500
2500 3000 2500 3000
3000 6000 3000 6000

! Mar-Sep Frcst Annual i Mar-Sep Frcst Annual
Plus Feb. EOM CSJ Deliv. !Plus Feb. EOM SEWD Div
Storage (TAF) (TAF) Storage (TAF) (TAF)
From To From To From To From To
0 1400 0 1400

1400 2000 1400 2000
2000 2500 2000 2500
2500 3000 2500 3000
3000 6000 3000 6000

Mar-Sep Frcst Increased WQ Range Name
Plus Feb. EOM Standard From To
Storage (TAF) (Ratio) O
From To From To 1400
0 1400 2000

1400 2000 2500
2000 2500 3000
2500 3000 Sum 71
3000 6000
Max. Release Below Goodwin
InCF ~

10/31/96 10:36 AM INT_PLN.WK4
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F~£n " "                     Pro.

iGoo0w:,n In, el. Data -
Avg. Ann. (TAF) 409
iMax. Ann. (TAF) 0

( .... Min. Ann. (TAF) 0

[Minimum Stora,ge (TAF) I 8ol
[Av,q. Ann. Spill (TAF) I 871

IOID/SSJIDDeliveries I
Avg. Ann. (TAF) I 582 I
NO. of Years >= I 00" ’ Ll i
Stanislaus Instream Fish
No. of Years >=
No. of Years >=

~~
14

No. of Years >= , 0

WQ (Comprd to Specified Stndrds)
Avg. Ann. Deficit (TAF) 20
Avg. Ann. Deficit in Deficient Yrs. (TAF) 46
Max. Ann. Deficit in Deficient Yrs. (TAF) 101
Min. Ann. Deficit (TAF) 0
Deficient Yrs. Count 31

WQ
Sep-Mar Target (PPM) 650
Apr-Aug Target tPPM) 455

t: Avg. Ann. Defic,, (TAF) 20~t"~"" Avg. Ann. Deficit in Deficient Yrs. (TAF) 46
Max. Ann. Deficit in Deficient Yrs. (TAF) 101

~ ~Min. Ann. Deficit (TAF) 0
Deficient Yrs. Count 31

BD Flow
Avg. Ann. Deficit (TAF) 55
Avg. Ann. Deficit in Deficient Yrs. (TAF) 76
Max. Ann. Deficit in Deficient Yrs. (TAF) 209
Min. Ann. Deficit (TAF) 0
Deficient Yrs. Count 51

CVP Deliveries
Avg. Ann. Delive~ (TAF) 35
No. of Years >=

~~
44

No. of Years >= 0 0 38
No. of Years >=

~
’24,

No. of Years >= 24 j

AOptional Diversionsvg. Ann. Delive@ (TAF)
No. of Years >=
No. of Years >=
No. of Years >=
No. of Years >=

10131/96 10:36 AM INT_PLN.WK4
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TESTIMONY OF JERRY ROBINSON
BEFORE THE STATE WATER RESOURCES CONTROL BOARD

I am Jerry Robinson and I am a farmer in San 3oaquin County with acreage located on
Roberts Island, Union Island, Rio Blanco Tract, and also some acreage in the Lathrop area. I
have lived in the area since 1944 and farmed with others or on my own for 35 years.

I am currently the President of the South Delta Water Agency, the Vice President of the
Delta Water Users Association, and am on the Board of Directors of Reclamation Districts 544
and 2114.

I am a riparian diverter drawing water from Middle River and Old River and am familiar
with the flows on the waterways through the Delta channels in my area, especially those
bordering the properties I farm. I have seen the changes in those flows due to the addition of the
State and Federal Projects’ export pumps.

Either currently or in the past, I have grown alfalfa, wheat, corn, safflower, and oat hay.
In order to adequately irrigate these crops, I divert water from March through October and
typically have pre-irrigation during the months of November, December, January and February.
Depending on the amount of rainfall and flow in the channels, diversions for irrigations can
occur at any time of the year and not just those months that I listed above. Depending on
availability of water, we flood various fields in order to help flush the salts out of the ground that
has accumulated due to the high saline water coming down the San Joaquin River.

As you know from previous hearings and workshops, the export pumps seriously change
the flows in the South Delta. Those pumps drop water levels up to two feet, cause reverse flows,
and create stagnant or null zones. The results from this can be very serious. Lower water levels
can actually prevent the operation of syphons and pumps. The intakes of these syphons and
pumps obviously cannot be resting on the channel bed, and since they are not easily moved, the
water can drop below the pumps intake. Of course, when the channels of the rivers become dry,
it is not possible to pump any water. In addition, even if the pump can still pull water, lower
water levels can and do cause cavitation and/or will result in sand being sucked into the pumps
both of which stress the pumps and wear them out sooner then normal. All of these things have
occurred to me personally as well as my neighbors.

You are also aware of the poor quality and diminished flow now coming down the San
Joaquin River. Though we have had a year of excess runoff, that does not change the fact that at
some times the flow of water entering the South Delta is insufficient to satisfy riparian and other
channel depletion needs. I believe Mr. Alex Hildebrand of the South Delta Water Agency has or
is giving you specific information on these matters.

- You are also aware that the Bureau of Reclamation does not always release a sufficient
( amount of water from New Melones to meet the Vernalis standard, even though that is a

condition of its permits. During certain year types especially during the recent drought, the

Page 1 of 3                                     _
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Bureau was unable to or chose not to release sufficient amounts of water in order to meet the
Vernalis water quality standard.

During the time that WR 95-6 has been in effect, I have continued to experience
difficulties in diverting water when necessary. As you may recall, last year was a wet year even
though there was little if any rainfall after the January storms. During summer months as well as
fall months, there were various times when water levels dropped to the point where they
interfered with my need to divert water for irrigation purposes. In the fall, three factors affect
your ability to divert water. The first of course is that the export pumps, depending on their rate
of export, impair the ability of incoming tides to raise water levels to normal depths. The second
is the amount of flow coming down the San Joaquin River. As this Board may recall, the South
Delta Barrier Program attempts to address these issues by trapping incoming tidal flows.
However, those tidal barriers are only adequate when they are operating and if a certain amount
of flow is coming down the San Joaquin River.

The third thing that affects our ability to divert is the existence of the Head of Old River
fish barrier. As the Board recalls, the fish barrier attempts to redirect out migrating Salmon
smelts away from the State and Federal pumps and move them towards the Central Delta, hoping
to increase their survivability. At the current time, the South Delta is attempting to insure that
each year the Head of Old River Barrier is installed (or on a permanent basis) it will allow
sufficient flow of the San Joaquin River to continue on to Old River and Middle River in order to
insure that sufficient amounts of water are available for riparian diverters.

Last year I recall that sufficient flow normally did pass through the Head of Old River
barrier so that our problems with diversions were much rarer than before (though the problems
did occur). In the prior year (1996), an insufficient amount of water was allowed to pass through
the barrier, and we experienced extreme conditions. During the fall tirneframe, there were
regular periods when parts of Old River and Middle River were dry. You should note that I am
not overstating this, and it’s not that there was some water in the river, but that portions of the
rivers were actually dry with no water available. [I regret not having kept complete records, but
attached to my written testimony are Exhibits SDWA 25 which are photographs of a few of these
instances.] Obviously, if the Head of Old River barrier does not allow water to pass through, and
if the export pumps are at a certain rate, and if the tide is going out, the net effect is that levels of
water in Middle and Old River will be lowered to the extreme. Unfortunately for agricultural
diverters like myself, that extreme turns out to be no water in the river. It is my understanding
that the Board and other parties in their various analyzes of the effects on diverters such as
myself, assume that the irrigation season lasts from approximately April through August or
September. Such an assumption is specifically wrong and should be corrected. Without any
doubt, the lowered water levels in Middle and Old River in 1996 adversely affected my ability to
irrigate my crops and specifically caused decreases in yields.

I believe it raises a serious issue that the Department ofFish and Game and the Fish and
Wildlife Service take no action to remedy this. A dry Delta channel cannot be good for fish and
wildlife (whether endangered or not). It certainly is not good for any other beneficial use.

Page 2 of 3
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Although the South Delta Water Agency continues to seek solutions to this problem, I
believe it is ultimately this Board’s responsibility to insure that riparian diverters such as myself
are protected. I realize that there are all sorts of arguments as to who and how much water
upstream can be used or should be allowed to pass, but I would like to bring the Board’s
attention to the Delta Protection Act. That Act found in the Water Code at 12200 et seq. requires
the State and Federal projects to provide a sufficient amount of water in the Delta for current and
future beneficial uses including agriculture. I therefore request that this Board insure that
whatever action it takes in these proceedings or in any other proceedings, those provisions of the
Delta Protection Act are enforced as well as our riparian rights. Since it is my understanding that
this first phase of hearings deals with whether or not WR 95-6 should be extended, I respectfully
request the Board insure that any such extension contain additional restrictions on the actions of
the State and Federal projects so that Delta riparians are not injured. I do not think the riparian
diverters should have to argue or prove injury or potential injury. The burden should be on the
project, each and every day, to show they will not harm us. Isn’t that what the law requires?

Through my participation in the South Delta Water Agency, I understand that in the last
three years the Bureau and the State have asked the Board to approve a joint point of diversion in
order to make up for lost exports. In each of those instances, the Bureau and the State
represented to the Board that their make-up pumping would result in no harm to Delta interests.
It is my firm belief, based on my daily agricultural activities, that the operations of the projects in
the last three years have resulted in decreased crop yields due to water shortages. I am not
familiar with the specific months each year in which the projects were allowed to conduct make-
up pumping, however I do believe that at least some of the problems I regularly experienced in
fall months occurred during make-up pumping operations.

Regardless of any addition harm caused by the make-up pumping, I also request that the
Board insure that "normal" export operations under any extension of WR 95-6 also make sure
that local diverters are not harmed.

Attached to my written testimony as Exhibits SDWA 2 6    are copies of letters
SDWA’s attorney has provided which indicate the various correspondence over the past few
years regarding make-up pumping and its effect on local diverters.

Thank you for your time, and I am available for questions by the Board or other parties in
these proceedings.

Dated:

/

C:~SDWA\Comments~,Robinson, Jerry, water right hearings
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DIVISION OF WATER RIGHTS

" PE~T ~’O~ DIVERSION AN~ ~SE OF WATER

U. S. Depart~,.ent of the Interior,

]i "i 14855A . Bureau of Reclamation, Region 2pp ca~ on ............... o~

2800 Cottage h’ay, Sacre~r.ento, CA 95325

,,,, .. ~F~e ..~6 ,.. ~.9~ ....................~,,,, ~,~,, ~,~,~,,~,~ ~,~ ~,o s,,,o.w~ ~o~, ~-o~

Pe~tlce ~ here]~y aulhotlzcd to divcrl and use walt: n~ io~ows:

Sou[ce: TdSul~ to:
Stanislaus River San Joaqu/n Rive~

Location of point o[ diversion:

1,075 feet from SW corner o~ Section II 5~.,~., of

Ccunties of Ca!averas and Tuo]u..-ne

SDWA 38
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¯
’ APPLICATION ] 48 58A PERMIT ] 6597

5. The water appropriated shall be limited to the quantity which can be
beneficially used and shall not exceed 9S0,O00 acre-feet per annum by storage
to be collected from Novermber ] of each year to June 30 of the succeeding ycfar.

This pormlt does mot nuthorJzo co]]oc|:ion oF w.~ter I’o ntoroge out’side of [he
sp’ecified season to offset evaporation and seepage losses or for any other
pJ rpose.

6. The a,ount author|z~x] for appropriation ~i~ny be reduced in the ]{cense
investigation warrants.                                                                ~ u,,w. u.~-....

7. Complete application of the water to the proposed use shall be made on or
before December i, 1990.                                                             (~

8. Permittee shall alle~ representatives of the State Water Rescurces Control
Board and other parties as may be authorized from time to time by said Board
reasonable aocess to project works to determine compliance w~th the ter~m~

9. Progress reports shall be submitted prom~tly by Permittee when requested by
the State Water ResoQrces Cont~ol Board until license is issued.

]0. Pursuant to california Wafer Cede Sections-’]00 and 275, all rights asd
privileges under this pe_rmit and under any license issued pursuant thereto,
including method of diversion, me.thod of use, and quantity of water diverted,
are subject to the continuing authority of the State Water Resources Control
Board in accordance with law and in the interest of the public welfare to
prevent waste, unreasonable use, unreasonable methods of use, or unreasonable
r~ethod of diversion of said water.

The continuing authority of the Board iz.~y be. exercised by ~mpo.~nq ~.pec££ic
requirements over ~nd ~nbove those containew] in this ~ermit with a view ~o
minimizing waste of water and to meeting the reasonable water requirements
Permittee without unreasonable draft on the source. Permlttee may be required
to implement sudn program~ as (]) reusing or reclaiming the water allocated;
(2) using water reclaimed ~! another entity instead of all or part of the water
allocated; (3) restricting diversions so as to eliminate agricultura! tai]water
or to reduce return f](7,~; (4) suppressing evaporation losses from water
surfaces; (5) controlling phreatophytic growth; and (6) installing, maintain-
ing, and .operating efficient water measuring devices to assure co.’pliance with
the quantity limitations of this permit and to determine accurately water use
as against reasonable water requirements for the authorized project. No action
will be taken pursuant to this paragraph unless the Board determines, after
notice to affected parties and opportunity for hearing, that such specific
requirements are physically and financially feasible and are appropriate to the
particular situation.

II. In compliance with Fish and Game Code Section 5943, Perm[ttee shall accord
to the public, for the purpose of fishing, reasonable right of access ~o the
waters i .mpounded by the dam under this permit during the open.season for the
taking of fish, subject to the regulations of the Fish and Game Commission.

(o o 30o’.,
12. Pe~mittee shall install an~ re.gintain an out]e~ pipe o~. adequate capacity
in his dam as near as practicable to the bottc~n of the natural strenm channel,
or provide other means satisfactory to the State Water Resources Control Board,
in order that water entering the reservoir which is not authorized for
appropriation under this permit may be released.

13. In accordance with the r~uirements of Water Code Section ]393, Permittee
shall clear the site of the reservoir of all structures, trees and other
vegetation which would interfere with the use o~ the reservoir for water
storage and recreational purposes. This provision, he,’ever, shall not preclu.;.e
the Permittee from retaining vegetation cover in selected areas as required
for the protection of wildlife. Clearing operations shall be coordinated with
authorized increases in storage levels.                                  6o,?_

14. Rights under th~s permit are, and shall be, subject to existing rights
determined by the Stanislaus River Adjudication, Superior Court, San Joaquin
County dated November 14, ]929, Action No. 16873 w~th supplemental decrees
dated February 24, ]930; March 8, ]934; May 8, ]935 a~d November 29, ]960,
insofar as sa~d adjudicated r~ghts are m~intained, and such other rights a"-
presently exist.                                                           ~’~’o,:, ,>oZ.’:.)

C--115520
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’’ APPLICATION 14858A PE~IrT      ]6597

15. The quantity of water diverted under this permit and under any license
issued pursuant thereto is subject to n~dification~y the State Water Resources
Control Board if, after notice to the Permittee and an opportunity for hearitg,
the Board finds that such modification is necessary to meet water quality
objectives in water quality control plans which have been or hereafter may be_
established or modified pursuant to Division 7 of the Water Code. No action
Will be_ taken pursuant to this paragraph unless the Board finds that (i) ¯
adequate waste discharge requirements have been prescribed and are in effect
with respect to all waste discharges which have any substantial effect upon
water quality in the area involved, and (2) the water quality objectives cannot
be achieved solely through the control of waste discharges.             6~o~o,~

16. In order to prevent degradation of the quality of water during and after
construction of the project, Permlttee shall file a report pursuant to Water
Code Section 13260 and shall co,~ply with any waste discharge requirements
imposed by the California Regional Water Quality Control Board, Central Valley
Region Region, or by the State Water Resources Control Board.          (%’,.,..’.~o~

17. Permlttee shall il~nd in new Melones l{eservoir such ~atcr as is
necessary to provide (a) not in excess of 98,000 acre-feet p~. r annum for the
preservation and enhancement of fish and wildlife to be released at a rate
specified by the California Department of Fish and G~me, plus (b) such
additional water as is necessary to maintain the.water quality com~itions set
forth in Paragraph 19. The above amounts are in addition to water stored for
satisfaction of prior rights at existing Melones Reservoir and for flood
control. The Board reserves jurisdiction for the purpose of establishing dry
year criteria.

18. Permittee shall file with the Board a reservoir operation study sh~wing
the water level elevations required to provide the yield specified in Paragraph
17. A reservoir operation schedule shall be submitted by the Perm~ttee which
shall be subject to approval of the Board. The study shall be updated at least

~ once every five years until further order of the Board. 6~./~o~

19. Releases of conserved water from New Melones Reservoir for water quality
control purposes shall be scheduled so as to maintain a mean monthly total
dissolved solids concentration in the San Joaquin River at Vernalis of 500
parts per million or less and a dissolved oxygen concentration in the
Stanislaus River as specified in Water Quality Control Plan (interim), San
Joaquin River Basin 5c, State Water Resources Control Board, June 1971.

In the event that the water quality control plan (interim) is amended or
superseded, the foregoing water quality objectives shall be_ modified to conform
to then current criteria.

20. The State Water Resources Control Board reserves jurisdiction over this
permit for the purpose of revising water release requirements for water quality
objectives and fish releases and for establishing dry year criteria pursuant to
studies to be conducted by the Permittee and other parties in an ef£ort~to
better define water needs.

21. Permittee shall file with the Board at least biennially a report of water
diversions and use along the Stanislaus River and San Joaquin River between New
Melones Dam and the Vernalis Gage which wil! show any increased diversions
subsequent to the beginning of releases of water under this permit, which
diversions may be encroaching on the water supply provided for preservation and
enhancement of fish and wildlife and for water quality control, and will show
what steps, if any, Permittee is taking to prevent any such encroach.-~nt.

22. Permittee shall file with the Board an annual report showing (a) daily
storage level in New Melones Reservoir, (b) daily record of total dissolved
solids at Vernalis, and (c) daily record of minlm~m dissolved oxygen level for
the day at Ripen or at an alternate location approved by the Board.

23. This permit shall be subject to agpropriation by storage upstream from N~+
Melones Reservoir for stockwatering and recrentional purposes, provided the
individual capacities of reservoirs for such p~rposes do not exceed i0 acre-
feet and the reservoirs are kept free of phreatophytes.

24. This permit shall be subject to the following agreements between the
Permittee and other parties:

C--11 5521
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DIVISION OF WATER RIGHTS

A~,~NDED I’EI(I%.H2: 16600

U. S. Department of the Interior,

Application ...... .I..9_3~0..4_~___o~ Bureau of Reclamation, Region 2

2800 Cottage W.a~.t Sacramentot CA 95825

Rled on      March..1] t . lg,6Q ................. has hectl| approw.d by the State %Vater J.{e$ourecs ~ofll.roI
Board SUBJECT TO VESTED IHGII’fS and to the lhnltatlons and conditions of this Permit.

Permlttee is herebx authorized to divert and use water as follows:

1. Source: Trlhut~ry to:

S~t~...n..i..s..laus River S~n Joa~luin River

2, Loc~tinn of point o~ diversion: .i ~,buo h.a ,.r*.r s~-~*. ,~ ~s. ~a

~; ~/’~ New Melones D~ -- North 29034’ East, ’
¯ .. _.1r075 feet fro~ SW corner of Section ii ~ of S~ ii ].N L3E ~

Counties of Calaveras and Tuolu~ne

3. Purpose of use:               4. Place of use:

~rriqation within the counties of.

Domestic St~n~slaus, Calaveras,

Municipal . Tuolunne and San Joaquin

Industr i.al

Recreational New Melones Reservoir ..3.N_ k4E

~;ater .Qualit~ and. and downstream reaches of 2N 3E ~D

Preservation, and Enhar:qe-. th~ St~nislOus,,..@Dd San 2N [fiE.. bid

___ me.nt o~ Fish and Wilcl1~fe Jo~x~uin Ri~ers IN ~4E MD

’I’ha place of use Is shown o;* map filed with the State \Vatt,r lh,source..t Ct.ttrol Board.
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’APPLICATION ] 9304 PE~’~IT ] 6600

5. The water a~ropriated shall be. ]~mite~ to the quantity which can be_
beneficially used and shall not exceed 1,420,000 acre-feet per annum by storage
to be collected from November I of each year to June 30 of the succeeding year.

Th~s permit does not authorize collection of water to storage outside of the
specified season to offset evaporation and seepage losses or for any other
purpose.

6. The a~gunt authorized for appropriation m~y be reduced in the license if
investigation warrants.

7. Complete application of the water to the proposed use shall be made on or
before December ], 1990.

8. Perm~ttee shall allow representatives o£ the State Water Resources Control
Board and other parties as may be authorized from time to time by sa~d Board
reasonable access to project works to determine comv]iance w~th the terms
~htn F~rmt~.                                                                        �,.’..." ’.’:

9. Progress reports shall be su~nitted promptly by Permittee when requested by
~he State Water Resources Control Board until license is issued.     ~,.~..-.."."

10. Pursuant to California Water Code Sections ]00 an~ 275, all rights and
privileges under this permit and under any license issued pursuant thereto,
Including method of diversion, method of use, and quantity of water d~verted,
are subject to the continuing authority of the State Water Resources Control
Board in accordance with law and in the interest of the public welfare to
prevent waste, unreasonable use, unreasonable methods of use, or unreasonable
method of diversion of said water.

The continuing authority of the Board may be exercised by i.mposing specific
requirements over and above those contained Jn th~s Permit w~th a v~ew
m|n~m~z~ng wnnte of wnter and ~o m~et~ng the reanonab~e water r~]u~re,~nt~ of
Perml~tee without unreasonable draft on the source. Permittee may be. required
to in~.]ement such programs as (i) reusing or reclaiming the water allocated;
(2) using water reclaimed by another entity ~nstead of all. or Dart of the water
allocated; (3) restricting d~vers~ons so as to e]imlnate agricultural tai]water
or to reduce return flow; (4) suppressing evaoorat~on losses from water
surfaces; (5) controlling phreatophytic growth; and (6) installing, m~n~ntaJn-
Ing, and operating efficient water measuring devices to assure compliance with
the quantity limitations of this permit and to determine accurately water use
as against reasonable water requirements for the authorized project. No action
will be taken pursuant to th~s paragraph unless the Board determines, after
notice to affected parties and opportunity for hearing, that such specific
requirements are physically and financially feasible and are appropriate to the
particular situation.                                          (,~,,.u~:,,a ~ .... ¯ ..... ~1 ~’~’~

I]. In comm]iance with Fish and Game Code Section 5943, Permittee shall accord
to the public, for the .r~rpose of fishing, reasonable right of access to the
waters ~mDounded by the dam under this permit durinq the open season ~or the
taking of fish, subject to the regulations of the Fish and Game Co~niss~on. :,,I)
]2. Pe~mittee shall install and maintain an outlet pipe of adequate c~pacity
in his dam as near as practicable to the bottom of the natural stream channel,
or provide other means satisfactory to the State Water Resources Control Board,
in order that water entering the reservoir which is not authorized for
appropriation under this permit may be released.                      ~,~..i,,,.,i~

]3. In accordance with the requirements of Water Code Section ]393, Permittee
shall clear the site of the reservoir of all structures, trees and other
vegetation which would interfere with the use of the reservoir for water
storage and recreational purposes. This provision, however, shall not preclude
the Permittee from retaining vegetation cover in selected areas as required
for the protection of w~]d]i£e. Clearing operations shall be coordinated w~th
authorized increases in storage levels.

14. Rights under this permit are, and shal! be, subject to existing rights
determined by the Stanis]aus River Adjudication, Superior Court, San Joaquin
County dated November 14, ]929, Action No. ]6873 with supplemental decrees
dated February 24, 1930; March 8, 1934; May 8, 1935 and November 29, ]960,
insofar as said adjudicated rights are maintained, and such other rights as may
presently exist.                                                         (~,:~ ~...,~.~
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APPLI CATION 19304 PE[~%IT      16600

15. The quantity of water diverted under this permit and under any license
issued pursuant thereto is subject to modification by the State Water Resources
Control Board if, after notice to the Permittee and an opportunity for hearing,
the Board finds that such modification is necessary to meet water quality
objectives in water quality control plans which have been or hereafter may be
e~tablished or modified pursuant to Division 7 of the Water Code. No action
will be taken pursuant to this paragraph unless the Board finds that
adequate waste discharge requirel~nts have be_en prescribed and are in effect
with respect to all waste discharges which have any substantial effect upon
water quality in the area involved, and (2) the water quality objectives cannot
be achieved solely through the control of waste discharges.         [0.. ..... ."

16. In order to prevent degradation of the quality of water during and after
construction of the project, Permittee shall file a report pursuant to Water
Code Section 13260 and shall comply with any waste discharge requirements
imloosed by the California Regional Water Quality Control Board, Central Valley
~egion. Regioh,~bor by the State Water Resources Control Board.     (t..-:

17. Permittee shall impound in new Melpnes Reservoir such water as is
necessary to provide (a) not in excess of 98,000 acre-feet per annum for the
preservation and enhancement of fish and wildlife to be released at a rate
specified by the California Department of Fish and Game, plus (b) such
additional water as is necessary to maintain the water quality conditions set
forth in Paragraph 19. The above amounts are in addition to water stored for
satisfaction of prior rights at existing Melones Reservoir and for flood
control. The Board reserves jurisdiction for the purpose of establishing dry

18. Permittee shall file with the Board a reservoir operation study showing
the water level elevations required to provide the yield specified in Paragraph
17. A reservoir operation schedule shall be submitted by the Permittee which
shall be subject to approval of the Board¯ The study shall be updated at least
once every five years until further order of the Board.          (or

19. Releases of conserved water from New Melones Reservoir for water quality
control purposes shall be scheduled so as to maintain a mean monthly total
dissolved solids concentration in the San Joaquin River at Vernalis of 500
parts per million or less and a dissolved oxygen concentration in the
Stanislaus River as specified in Water Quality Control Plan (interim), San
Joaquin River Basin 5c, State Water Resources Control Board, June 1971.

In the event that the water quality control plan (interim) is amended or
superseded, the foregoing water quality objectives shall be modified to conform

20. The State Water Resources Control Board reserves jurisdiction over this
permit for the purpose of revising water release requirements for water quality
objectives and~fish releases and for establishing dry year criteria pursuant to
studies to be conducted by the Permittee and other parties in an effort to
better define water needs.                                           (:.: .... <.,-.r.~

21. Permittee shall file with the Board at least biennially a report of water
diversions and use along the Stanislaus River and San Joaquin River between New
Melones Dam and the Vernalis Gage which will show any increased diversions
subsequent to the beginning of releases of water under this permit, which
diversions may be encroaching on the water supply provided for preservation and
enhancement of fish and wildlife and for water quality control, and will show
what steps, if any, Permittee is taking to prevent any such encroachment.

22. Permittee shall file with the Board an annual report showing (a) daily
storage level in New Melones Reservoir, (b) daily record of total dissolved
solids at Vernalis, and (c) daily record of minimum dissolved oxygen level for
the day at Ripon or at an alternate location approved by the Board. l.,.".’.’.’.

23. This permit shall be subject to appropriation by storage upstream from New
Melones Reservoir for stockwatering and recreational purposes, provided the
individual capacities of reservoirs for such purposes do not exceed 10 acre-
feet and the reservoirs are kept free of phreatophytes.            ~ ¯     ..

24. This permit shall be subject to the following agreements between the
Permittee and other parties:
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(A) qhe "Agceennnt and Shipulat%on" dat~] ~t~r 24, 1972 and cx~uted by
the Pern~ttee, Oa~ale Irrigati~ Distric? a~ South San Jo~quin
~ rriqa ti~ Dist~.ct.

No. 2 dat~] N~en~r 29, 1972.

C~nty Water District.

l~eference to the a~e ~ree agreenL~nts shall not h~ c~stru~ as a finding
~ the S~%te ~’hter ~s~rces C~trol ~%rd with res[~ct to the rights of any of

25. ~is ~r~t d~s n~ authorize the use of any water outside the c~ties
of ~igin ~ich is n~essa~ for the develop~nt of ~e c~ties, ff~.~..,o~.-e~

plan or actors. ’[~e pro~)stx~ plan or attics shall ~ present,~] to the
for appr~al ~ 5%xrch 8, 19B4. A peeress re~t on the deve].op~unt o£ a
c~se~ation plan ~sy ~m r~ir~ by the S~rd within ~is ~ri~.    (~ ,-
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DIVISION OF WATER RIGHTS

ORDER

A,~UCAr,OH .. 19304
~=~T

16600

Q%DER APPROVING TI~"- ~D~£10N OF
~I~ OF ~I~ION AND ~I~ T~~ ~HIT

I. A petition to add points of rediversion on the Stanislaus River has been
filed with the State ~ter Resources Ck~trol B~nrd.

2. The Board has detemnined that the petitioned changes do not constitute the
initiation of a new right nor operate to the injury of any other lawful
user of ~ter.

5X~, ’I~EREFORE, IT IS OI~.D!EI~ED

i. Paragraph 2 of this amended permit regarding points of diversion is amended
to read as follc~s:

Point of Diversion:

New Melcnes Dam: North 29" 34’ .East, 1,075 feet fran SW corner of
Section ii, TIN, RI3E, MDH&M, being within S%’~ of S~ of said Section ii.

Points of Rediversion:

l) Goodwiz, L~n: North i0" West, 2,~125 feet fra~ S~ corner of Section
i0, TIS, RI2E, MDB&M, being within Sin.% of N~ of said Section I0.

2) Knights Ferry Diversion Dam: North 24" 20’ West, 3,000 feet frcm SE
corner of Section 21, TIS, RI2E, MDB&M, being within S~ of NE~ of
said Section 21.

3) Tracy Pumping Plant: North 481,100 and ’East 1,694,500, California
Coordinate System, Zone 3, being within E~ of projected Section 29,
TIS, R4E, HDB&M.

4) Points of rediversion on the Stanislaus River bet%K2en:
(a) New Melones D~m: North 29° 34’ "East, 1,075 feet from SW corner

of Section ii, TIN, RI3E, MDB&M, and
(b) San Joaquin River: within the NE% of Section 19, T3S, R7E,

~S.
No rediversion of stored water fran tills reach of the Stanislaus
River for beneficial use under this permit shall be made until a
description of the location of each point of rediversion and
statement of the quantity of water to be rediverted is filed with the
State Water Resources Control Board.

2. Paragraph I0 of this aaended permit is deleted. A new Paragraph l0 is
added as follo#s :

Pursuant to California Water Code Sections iU0 ~ 275, and the ca,,non law
public trust doctrine, all rights and privileges under this pem~it and
under any license issued pursuant thereto, including method of diversion,
method of use, and quantity of water diverted, are subject to the
continuing authority of the State Water ~sources Control ~Dard in
acexDrdanco with law n~] in the interest of the [)ublic %~21fare to
public trust uses and to prevent ~nste, unreasonable use, unrenno~ua~ke
~thod of use, or unreasonable methed of diversion of said
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PermLt 16600 (Application [9304)
Page 2

The continuing authority of the Board may be exercised by imposing
specific requirements over and above those contained in this permit with a
view to eliminating waste of water and to meeting the reasonable water
requirements of permlttee without unreasonable draft on the source.
Pe~mittee may be required to [mplemen~ a water coaserva~lon plan, features
of which may include bur not necessarily be limited to: (I) reusing or
reclaiming the water allocated; (2) using water reclaimed by another entity
instead of all or part of the water allocated; (3) restrlc=ing diversions
so as to eliminate agricultural tailwater.or to reduce return flow; (4)
suppressing evaporation losses from water surfaces; (5) controlling
phreatophytic growth; and (6) ins=alling, maintaining, and operating
efficient water measuring devices to assure compliance with the quantity
lim[tntions of this permit and to determine ncc~rately water .~e ;~.
reauonnblu waker ro~lulremen£u fur the nuthorized [~roJuct.    No actio~* will
be taken pursua.~ to this psragral~h uz~less the Board determines, niter
notice to affected parties and opportunity for hearing, that such specific
requlrem~nts are physically and financially feaslble and are appropriate
the particular situation. The =ontinulng authority of ~he Board also may
be exercised by imposing further llmltati~ns on the diversion and use of
water hy the permittee in order to protect public trust uses. No
wlll be t~ken pursuant to this paragraph unless the Board determines, after
notice to affected parties ~nd opportunity for hearing, that such de=ion is
consls~ent wi~h California Constitution Article X, Section 2; is consistent
with the public interest and Is necessary to preserve or restore the uses
protected by the public trust.

3. Paragraph 27 ~s added to this amended permit as follows:

This order shall not be construed ~s coaferrlng upon the permi~ee the
right of access to the points of redlversion.         (~’e,r,e’,,

4. Paragraph ~8 Is added to tho amended permit as follows:

Until further order of tile Board, Use of water under ~tlls amended permit
authorized only i~ Lhe couuties of 5ta~%islaus, Calaveras, Tuolumne and

Dated:        AUGUST 9 1985

Division of Water Rights
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.-’~qliEPA                                                                                ~’�~� Wi~on
Gov~l-I~ot*

State Water
Resources
Control Board In Reply Refer

’JUNE, 3 01997  o:34z=so=z ss8.A
£ivisio~ of
Water Rights

Mailing Address: South Delta Water Agency
P.O. B0x2000 P.O. Box 70383
Sa~ramrnto. CA " Stockton, CA 9526795812-2000

901 PStreet Dear Mr. "Herri~k :
Sacramento, CA
958~4 PERMITS 16597, 16598, 16599, 16600, ~D 202~5 (APPLICATIONS
(9]6) 657-1931 14858A, 14859, 19303, 19304, ~D 14858B) ST~IS~US RIVER INFAX (916) 657.1485 CALAVE~S, TUOL~NE, ~D ST~IS~US CO~TIES

This is in response to your letter dated May 22, 1997
requesting copies of notifications received by our office
from the U. S. Bureau of Reclamation (Bureau) each time that
the Bureau failed to meet the Vernalis water quality
standard. ~Enclosed are copies of the Bureau’s notifications
in our files regarding their failure to meet the tota!
dissolved solids monthly ~verage at Vernalis as set forth in
Decision 1422.

If you have any questions, please write or call Shige Okada
of my staff at (916) 657-1931.

Sincerely,

of Water Rights

Enclosures

EXHIBIT SDWA 40

~ Recycled Paper              Our mission Is and enhance the of Californla’~ water resources, andto qualitypreserve
ensure the& proffer allocation and efficient use for the benefit of present and future generations.
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United States Department of the Interior

BUKF_~.U OF RECLk.,\~LkTION

2800 Cottage ~v                           ~
Sac~ento, California 95825-1898

Mr. Edward C. Anton
Chief, Division of Quality and Water Rights
State ~ater Resources Control Board
PO Box 2000
Sacramento, California 95810

Subject:      Water Quality Standards for San Joaquin River near Vernalis

Dear Mr. Anton:

This is to inform you that the monthly mean of total dissolved solids (TDS) at
the San Joaquin River gage near Vernalis exceeded the value of 500 parts per
million (ppm) as required by Order 5 of Decision 1422 for the months of

..February, March, and June of 1994. These monthly data are as follows:

TDS Levels at Vernalis and Goodwin Releases

Month                 February                 March                   June

Monthly Mean
538                       529                       516

TDS (ppm)

Goodwin Release
Monthly Total in              15.0                      51.9                     28.5
thousands of
acre-feet

Throughout this period our operational decisions have been strongly affected
by the knowledge that the storage in New Melones reservoir is low, and as we
progressed through this runoff season it became clear that the season’s inf!ow
would not affect a recovery in New Melones storage levels. Although this
situation has caused us to develop an operational "strategy that has been
conservative in terms of attempting to save water we have done a creditable
job of meeting the monthly 500 ppm TDS level at Vernalis.

February’s average TDS leve! was affected’ by the need to reduce Goodwin
releases from 300 ft~/s (the required fishery flow that month) to under 200
ft~/s for a one week period to allow for completion of construction in the
Goodwin poo!. This was coordinated between Tri-Dam Project, U.S. Fish and
Wildlife Service, California Department of Fish and Game, and South Delta

/-~._ ’~        Water Agency.
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Early in both Harch and June TDS levels exceeded the standard. As the initial
days of these months passed we increased Goodwin releases but the quality of
water in San Joaquin above the confluence with the Stanislaus progressively
degraded. By the time we "caught up" with this degrading water quality
meeting the monthly standard would have required releases which would resulted
in daily TDS levels at Vernalis considerably lower than the 500 ppm standard
and would have used considerable quantities of New Melones water. We did
maintain a sub-500 ppm TDS level for the last half of each of these months.

If you have any questions, please call Lloyd Peterson of my staff at
(916) 978-5230.

Sincerely,

Lowell F. Ploss
Chief, Central Valley Project Water
and Power Operations Office

cc:    David Whitridge                            Alex Hildebrand
Counsel, South Delta Water Agency    Farmer
504 Bank of Stockton Building         South Delta Water Agency
311 East Main Street                     23443 South Hays Road
Stockton CA 95202                         Manteca CA 95336
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Unked States Department of the Interior
BUREAU OF RECLa2vIATION

Mid-Pac~¢ Re~onN
~800 Cottage Way

~ ~LY Sac~emo, C~omia 958~1898
~RTO:

MP-2800
RES - 3.20

Nr. Edward C. Anton
Chief, Division of Quality and Water Rights
State Water Resources Control Board
P.O. Box 2000
Sacramento CA 95810

Subject: Total Dissolved Solids, San Joaquin River near Vernalis (Water
Quality)

Dear ~[r. Anion:

This is to inform you that the monthly mean of total dissolved solids (TDS)
for the San Joaquin River near Vernalis exceeded the value of 500 parts per
million (ppm) for March and February of 1993. This exceeded the limit of 500
jpm as described in Order 5 of Decisio.n 1422. The monthly means are:

TDS Levels on the San Joaquin River at Vernalis (ppm) - 1993

Month            January          February           ~[arch             April

Leve!                338                 569                 652                402

The TDS levels in May have been far better than the standard (average for the
month 263 ppm as of May 20). This is primarily due to the large spring pul~e
flows for fishery purposes.

We have had and continue to have~.e=ula~~     ~ discussions :.:ith Mr. Alex Hildebrand,
of the South Delta Water Agency, on the Vernalis TDS bevel. In the interest
of conserving water and because of the wet weather (which al!owed the South
Delta users to forego pumping), we did not attempt to meet the standard during
February and March. This decision was coordinated with Mr. Hildebrand and
made with his concurrence.

As the pulse flow is discontinued in June, the TDS level will again rise and
we expect to be required to augment San Joaquin River f!ow with New Melones
releases for the rest of the summer. We wil! be communicating regularly with
Mr. Hildebrand in this effort with the goals of providing quality water and
conserving New Nelones storage.

C- 115532
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If you have any questions, please call Mr. Lloyd E. Peterson at (916)
978-5230.

Sincerely,

Lowel! F. Ploss
Chief, Central Valley Operations

Coordinating Office

cc: Mr. David ~,itridge Mr. Alex Hildebrand
Wilson, Hoslett & Whitridge 23443 S. Ha~es Road
504 Bank of Stockton Building Manteca CA 9533£
311 East Main Street
Stockton CA 95202
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United States Departmentof the Interior
L

BUREAU OF RECLAMATION " ’ ’
, MID.PACIFIC REGIONAL OFFICE ~ "

2800 COT’fAGE WAY 2_2 ~.z.~
IN I~PLY SACRAl%lENTO, CALIFORNIA 95825-1898

Iu~F~ TO: ~"

MP-2800 JAN 2 7 1992

Mr. Walter G. Pettit ,.IA~ ~ J-"199£~
Executive Director ~
State Water Resources Control Board EXECUTIVE OFFICE
PO Box 2000
Sacramento CA 95810

Subject: Total Dissolved Solids, San Joaquin River near Vernalis (Water
Quality)

Dear Mr..Pettit:

This letter is to inform you that the total dissolved solids (TDS) for the San
Joaquin River near Vernalis will most likely exceed a monthly average of 500
parts per million (ppm) for January 1992. This will exceed the limits of 500
ppm as described in Order 5 of Decision 1422.

As of January 23, 1992, the monthly ~erage was approximately 548 ppm. The
monthly average TDS for December was 485 ppm. Last season, we released
approximately 50,000 acre-fee/ of water for the maintenance of water quality
¯ at the Vernalis stream gauge. Minimum releases from the New Melones Reservoir
were due to the very low inflow last year and the continuing dry conditions.
Storage in New ~[elones is currently 330,000 acre-feet, 53,000 acre-feet less
than the storage last year at this time.

We have had several discussions with Mr. Alex Hildebrand of the South Delta~
~ater Agency regarding water quality. Mr. Hildebrand has indicated he did not
feel t______~hat TDS levels, as high as in the order of 550 ppm, would not pose any
problems to the South Delta Water Agency through the winter, and that
available water supplies for water quality maintenance be rescheduled ~o later
this year. He is concerned that if water supplies in the San Joaquin Kiver
improve just enough to provide a full supply to upstream irrigators, salts
stored during the last 5 years of drought may be released at a rapid rate to
the San Joaquin River, causing high TDS values at Vernalis. He would then
want as much water as possible available for dilution purposes. On
January 21, we talked to Mr. Hildebrand and informed him that the TDS values
were approaching 600 ppm. He informed us that he would stil! prefer that the
remaining water in storage be saved for later use.

If you should have any questions, please call Mr. David M. Haisten at (916)
978-5230.

Sincerely,

~%~g~oger K. Patterson
Regional Director .7- ~
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cc: Mr. David Whitridge
Wilson, Hoslett & Whitridge
504 Bank Of Stockton Building
311 East Main Street
Stockton CA 95202

Mr. Alex Hildebrand
23443 S. Hays Road
Manteca CA 95336
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United States Department of the Interior

BUREAU OF RECLAMATION
MID-PACIFIC REGIONAL OFFICE _.--""’-~,

MP-2800 ~" I~ ~-’"
~S-3.20 NOV 2 Iggo

~S~/-"..

Mr. Jesse.Diaz
Chief, Division of Water Quality and Water Rights
State Water Resources Control Board
PO Box 2000
Sacramento CA 95810

Subject: Total Dissolved Solids at Vernalis (Water Quality).

Dear Mr. Diaz:                                                                                          ""

This letter is to inform you that we will not be making water quality releases
from New Melones Reservoir to meet 500 parts per million (ppm) monthly average
tota! dissolved solids (TDS) at Vernalis. The only releases from New Melones
Reservoir will be the minimum flows required for fish and wildlife habitat
requirements. If the average daily TDS should exceed 700 ppm, the need for
additional water quality releases will be reevaluated.

New Melones Reservoir storage is in critica! condition, and we have been
working closely with al! users to conserve water while maintaining acceptable
f!ows. Unless water is conserved this year, and we have an above-normal water
year, a high probability exists that New Melones storage will drop to the
minimum power pool in 1991. South Delta Water Agency (SDWA) has relaxed their
quality and quantity requirements at Vernalis this year. SDWA has requested
that no additional releases be made from their water quality release account
until next irrigation season as long as the daily TDS is below 700 ppm. Their
efforts could result in a savings of approximately 55,000 acre-feet. Due to
the extremelylow storage level in New Melones Reservoir, we believe that it
is more beneficial to conserve the remaining water quality supply for the
benefit of all the users in future years. We will continue to closely monitor
the quality at Vernalis and will promptly notify SDWA if the average daily TDS
exceeds 700 ppm. If you should have any questions, please contact
Pau! Fujitani at (916) 978-5232.

Sincerely,

Donald L. Paff
Chief, ~entra! Valley Operations

Coordinating Office

cc: David W-hitridge
Wilson, Hoslett and Whitridge
504 East Main Street
Stockton CA 95202
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¯ Sta%e;of California ..--.

Memorandum " "

:o    : Walt Pettit Date :
Roger Johnson J’J;: ~ -" ;::"---

From : DIVISION OF WATER RIG~ITS                                 ""
STATE WATER RESOURCES COhTROL BOARD

Subject: COMPLIANCE WITH VERNALIS WATER QUALITY STANDARDS

Paul Fujitani of the Bureau of Reclamation (978-5232) called today to
inform us that the Bureau will not be meeting the 500 TDS requirement at
Vernalis for June. Evidently, fairly high salt levels were experienced
earlier this month. To obtain the500 mg/l TDS would require salinities
around 400 TDS for the remainder of the month. The Bureau has talked to
Alex Hildebrand. According to them, Alex stated that the South Delta Water
Agency will not complain provided the Bureau meets a daily TDS of about 500
mg/l.

Mr. Fujitani also stated that the Bureau intends to try to meet 500 TDS
only on a daily basis but not on the monthly average as set forth in
Decision 1422. They will not concern themselves with meeting the monthly
standard. I stated that this is a significant policy issue that the
Division needs to address and we may c~,municate to the Bureau the need to
make their operations of New Melones more consistent with D 1422. I stated
I would discuss this.issue with you next week and get back to them as soon
as possible on the State Board’s position.

cc: Dave Beringer
Glenn Mork
Files (A 14858)~/
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LTn te   tates Depsr ment of the Interior

BUREAU OF RECLAMATION
MID-PACIFIC REGIONAL OFFICE

2800 CO"UFAGN WAY
IN Pd~PLY SACRAMENTO. CALIFORNIA 95825-1898

REFER TO:
M~-2800
RES-3.20 JAN 2

Mr. Walter G. Pettit

~.~~/j~~

Chief, Division of Water Rights
State Water Resources Control Board
PO Box 2000
Sacramento CA 95810

Subject: Total Dissolved Solids at Vernalis (Water Quali;y)

Dear Hr. Pettit:

This letter is to inform you that the total dissolved solids (TDS) at
Vernalis wil! most likely exceed a monthly average of 500 ppm for December.
As of December 28, the monthly average was approximately 563 ppm. The
monthly average TDS for November was 509 ppm. We have discussed the
November figure with Mr. Jerry Johns of the State Water Resources Control
Board and Mr. Alex Hildebrand of the South Delta Water Agency and neither
felt the quality would pose problems.

Hr Hildebrand did indicate that if the dry conditions continue, early
irrigation may require improved water quality. However, until additional
water quality releases are required for irrigation or additional water is
required to meet minimum San Joaquin River flow at Vernalis, we anticipate
only releasing water for fishery releases, power, and possibly flood
control. The water quality releases of 70,000 acre-feet (af) and 150,000
af were exhausted in April and September, respectively. The minimum
releases are due in part to the dry year we are currently experiencing and
our limited storage at New Melones Reservoir. The New Melones storage
at about 757,000 af, less than at this time last year and approximately
31 percent of capacity.

If you should have any questions, please call Paul Fujitani at (916) 978-’

5232.

Sincerely,

("-. cc: Mr. Dave Whitridge
\- Wilson, Hoslett & Whitridge

504 Bank of Stockton Building
311 East Main Street
Stockton CA 95202                                                          ~ ,}~
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INTRODU CTI ON

The purpose of this Introduction is to explain the
southern Delta’s ~.Tater problems, to sununarize the southern
Delta’s ~ater requirements, to outline the agricultural
importance of needs in the southern Delta, to explain why
a large portion of the water requirements in the southern
Delta must be met with Stanislaus River water, and to
emphasize the fact that the proposed ’~ater quality releases"
from New Melones Reservoir would provide only a small portion
of the required flows.

I.

The Southern Delta

The southern Delta is an area lying in the southeastern
part of the Sacramento - San Joaquin Delta containing about
148,000 acres. There are about 75 miles of river channels in
that area. This portion of the Delta is now included within
the boundaries of the South Delta Water Agency (South Delta
Water Agency Act, Stats. 1973, c. 1089, sec. 9.1).

II.

Lands In %]-~e Southern Delta

The lands in the southern Delta are priraarily of a silty -
loam type. There is very little "peat" land in this area. Most
of the ]and is at or near sea level. Agriculture is the primary
use of the lands in the southern Delta.

Due to a com~ination of favorable climate, fertile soil and
an adequate supply of %~ater of suitable quality, the southern
Delta has historically produced in abundance a wide variety of
crops.

Irrigation for agriculture in the southern Delta has been
provided,~ primarily, from the ~ater in the numerous channels in
the area. To irrigate the lands, water is pumped from the channels,
the crops are surface irrigated and the drainage water is returned
to ~the channels. %q~e productive capacity of the lands (both with
regard to variety and yields) in the southern Delta is now

SDWA 41
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jeopardized by a water supply which has been, and is, deteriorating
in both quality and quantity. A reduction in crop yield and
versatility as a result of a reduction in the quality or quantity
of the water supply is economically disastrous. A ten percent
(10%) reduction in yield of a given crop may be the difference
between profit and loss. Rqne economics of-agriculture are such
that a reduction in crop versatility reduces the opportunity for
profitable production and thereby the value of the land itself.

III.

Nature of the Water Problem In The
Southern Delta

The in-channel water supply in the southern Delta is
primarily controlled by the inflow of the San Joaquin River at
Vernalis. The western and northern portions of the southern
Delta are influenced by Sacramento River flows as these flows
come across the Delta. The degree of the influence of the
Sacramento River is to a large extent determined by the volume
of the San Joaquin River inflows and the volume of ~qater exported
by State and Federal Projects near Tracy (where water is pumped
from the Delta into the Delta Mendota Canal and the California
Aqueduct)

The ~ater problem in the southern Delta is an "insufficient
in-channel supply of ~ater of suitable quality to meet the needs
of the lands in that area. The quantity and quality of the in-
channel water supply are interrelated in an inseparable manner.

Over the last 30 or more years since the commencement of CVP
operations in about 1944, the operation of water projects on the
San Joaquin River system and water uses in the San Joaquin Valley
upstream from Vernalis have diminished the flow in the lower San
Joaquin River. At the same time, the return flows which come
back into the San Joaquin River from the water used on lands in
the San Joaquin Valley bring with them the salts leached from
the lands. This water is reused as it comes down the San Joaquin
River and each time some of the quantity is diminished by the use
and more salts are leached from the soils and added by the return
flows to the diminishing quantity of water in the San Joaquin
River. Thus when the lower San Joaquin River enters the southern
Delta at Vernalis, the quantity of water has been diminished and the
salts are concentrated therein. At present, these diminished flows
in the San Joaquin River bring into the southern Delta channels
about 1,000,000 tons of salt a year. The result is an in-channel
water supply which is both insufficient in quantity and an un-
suitable quality for use on the lands in the southern Delta.
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It is difficult to determine precisely the degree to which
the Central Valley Project has contributed to the greatly
diminished flows and increased salt content of the lower San
Joaquin River. This difficulty stems from the complex hydraulics
and hydrology of the San Joaquin River System, the lack of accurate
data on other diversions from the river system, the seasonal
fluctuations, the time delays in return ~ater and salt flows, etc.
However, it is clear that the deterioartingeffect is substantial.

The State Water Resources Control Board (SWRCB) found in
Decision 1422 (at p. II) that TDS exceeded 500 ppm in the San
Joaquin River at Vernalis .38% of the time during the irrigation
season. The salt concentration (measured’as parts per million of
total, dissolved solids) is appreciably greater in extensive portion~
of southern Delta channels than it is at Ve~nalis.

The operation of the Federal and State export pumps near
Tracy also has an adverse impact upon the in-channel water supply
in the southern Delta. The operation of those pumps lowers the
mean water levels in the channels connected to the pump in-takes
in order to create the hydraulic gradient which supplies the flow
of water to the pumps. The lowering of the in-channel water
levels reduces the volume of inflow of tidal waters into the many
miles of southern Delta channels ~.~ith the consequence that .there
is less in-channel water available at low tides, water levels at
times become inadequate for irrigation pump drafts, water quality
is degraded because there is less salt removed by tidal flushing,
and stagnant zones are created where there is neither adequate
tidal flushing nor a net daily unidirectional flow. The adverse
impact resulting from the operation of the export pumps upon the
fishery seems to be acknowledged, but little attention, if any,
has been given, to the adverse impact of the operation of the
export pumps upon the agricultural water supply in the southern
Delta.

X~e river channels in the southern Delta are near or be].~
sea level. When the incoming flow in the San Joaquin River during
the summer irrigation season is low, it often does not equal, or
does not substantially exceed, the water being consumptively
used in the southern Delta for irrigation. As a result, there is
often an insufficient volume and flow in the channels in the
southern Delta to carry the salty water through the Delta to the
ocean. The salty water, or a considerable portion of it, remains
trapped in the southern Delta where ’it is reused again and again
causing further deterioration in quality and reduction in quantity.
At times the water levels in the channels fall below adequate
depths for pumping.
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Speaking primarily from the standpoint of agriculture, an
insufficient in-channel water supply of less than suitable quality
causes two distinct types of damage. These may be surm~arized as
follows ;

a) Damage to crops:

I. Poor quality water (too much salt) reduces
crop yields (production) and reduces crop diversity (the
number of crops which can be successfully produced).

2. Insufficient water supply (quantity)~ reduces
crop yields.

b) Damage to lands:

When crops are irrigated, a large portion of the
irrigation water is consumed by the plant or evaporates.
~en the irrigation water is of poor quality (salty), this
process leaves a residue of salt in the ground° As the
process is repeated, the residue of salt increases and the
land is in time ruined - turned into a salt marsh not
capable of either abundant or diverse production of crops.

Both types of damage are now occurring in the southern Delta and
will continue at an increasing rate unless the water problem in
the southern Delta is solved in the very near future.

The solution to the water problem in the southern Delta must
recognize the relationship between the quantity and the quality of
the inflows. There must be an adequate quantity of water of
suitable quality in the San Joaquin River flowing into the southern
Delta to permit diversions for beneficial uses and to carr0y the
salt brought in by the San Joaquin River through the Delta and
into the ocean - a net daily do~cnstream flow, over and above
diversions, of .water of suitable quality.

IV.

WATER REQUIREMENTS OF THE
SOUTHERN DELTA

To maintain the agricultural economy of the southern
Delta, there must be a water flow in lower San Joaquin River
channels coming into the Delta sufficient ~ provide, first, the
400,000 to 500,000 acre feet of good quality water needed

C--115542
C-115542



annually for irrigation diversions, and second, sufficient
carrier water to convey upstream San Joaquin River salts through
the Delta. These salts cause serious degradation of water
quality within the southern Delta when concentrated by the
agricultural evapotranspiration to which southern Delta lands
are entitled° There must, therefore, be enough carrier.water to
convey this incoming salt through the southern Delta at concen-
trations which will not diminish agricultura! productivity. The
total flow must, accordingly, be well over a million acre feet
per year, of ~hich about 400,000 to 500,000 acre feet are con-
sumptively used with the remainder available for export at the
Tracy pumps, Delta outflow, and other benefic~l uses, including
fish and wildlife.

%~e proposed "water quality release" f~om New Melones is
now stated to be a maximum of 70,000 acre feet in any year and an
estimated average of only about 17,000 acre feet per year (see:
page IV - 52 and 53, Folsom South - Lower American River Alterna-
tives Special Report dated November, 1975, prepared by the Bureau
of Reclamation). A release of 70,000 acre feet annually from
New Melones would not solve the water problem in the southern
Delta. A 17,000 acre feet release annually would produce almost
no measureable beneficial result.

To satisfy the water requirements of the southern Delta, a
substantial amount of the water for such purpose must come from
New Melones. The reasons for this may be summarized as follows:

a) To provide the ~ater from the Delta - Mendota Canal
(DMC), via the Westley Wasteway into the San Joaquin River, a
pumping lift (from the Delta into the DMC) of over 200 feet is
required. For this, about 289 kilowatt-hours of electricity
would be required to pump I acre-foot.                           .~

b) The amount of water from the DMC to dilute San Joaquin
River water at Vernalis would be much greater than the amount of
~ater from New Melones for such purpose because of the poorer
quality of DMC water. It is estimated that with the Peripheral
Canal in operation, about 27,000 acre-feet of DMC water would be
needed to accomplish the same "quality" result as 17,000 acre/feet
of New Melones water; without the Peripheral Canal, about 75,000
acre/feet of DMC water would be needed for the same result.

c) Expressed as a ratio, to accomplish the same "quality~
purpose, if water is released from the DMC rather than from New
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Melones, about 1.5 times as much water must be released if
there is a Peripheral Canal, and over 4 times as much if there
is no Peripheral Canal. Corresponding amounts of energy would
be about 4.9 million and 21.6 million kilowatt-hours respectively
(See page IV - 53, "Folsom South - Lower American River
Alternatives", Special Report, dated November, 1975, prepared by
the Bureau of Reclamation).

Another important reason why New Melones water must be used
relates to the agricultural requirements of the southern Delta.
The control of monthly average salt concentration in the channels
to acceptable levels could probably be accomplished, although
"inefficiently, from sources other than New Melones, but.the control
of short term fluctuations can not. Permissible short term peak
salt concentrations are somewhat higher than permissible monthly
averages, but must be controlled because young plants can be
killed or stunted by even a single saline irrigation. It is
feasible to provide short term salinity control with high quality
Stanislaus water released from New Melones and introduced at
Vernalis. On the other hand, control would be extremely difficult
to achieve with saltier Delta Mendota Canal water "introduced with
more time delay via the channel of the salty San Joaquin River
south of Vernalis.

An additional reason for the use of New Melones water is
that, if the fishery is to be provided with San Joaquin River
system water in southern Delta channels at certain times of the
year, then all agricultural water during those periods must also
originate from San Joaquin River system sources.

The maintenance of 500 mg/l TDS water quality in the San
Joaquin River only at Vernalis, only, on a monthly average basis,
does not satisfy the southern Delta s requirements - it do~s not
even come close. A 17,000 acre feet average annual release (or
even a 70,000 acre feet annual peak release) introduced at
Vernalis can have no significant beneficial effect on water
quality for most of the southern Delta’s water users. There are
about 75 miles of channel, and diversions occur throughout.
Water quality must be improved in all of the channels of the
lower San Joaquin River and the southern Delta, not just at a
single location at Vernalis.

The in-channel water supply in the southern Delta serves
many uses and purposes. The improvement of the water quality
and an increase in the flows of the channels of the southern
Delta will serve a number of additional beneficial uses. For
example, fish and wildlife would be benefited, the quality of the
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water at the Tracy pumps would be improved, the concentration
of salt in the San Joaquin River would be reduced and carried
through the Delta and into the San Francisco Bay, greater
portions of the necessary Delta outflow would be ~-ovided by the
San Joaquin River, downstream users would be benefited, etc.

It is clear that the southern Delta’s water requirements
are important and substanti~; that they can most efficiently be
s~tisfied with New Melones releases; that a substantial portion
of the needs must be met with Stanislaus water; that the water
quality problem-~f the southern Delta is caused by~ factors beyond
the southern Delta’s control, and that the use of N~w Melones
water in the southern Delta optimizes the multiple use of that
water.

BASIC MINI~M WA~R QUALI~ ~QUI~NTS
OF ~ SOU~ DELTA IN

A NORmaL ~AR

After two and one-half years of intensive study and
negotiations with the U.S. Bureau of Reclamation and the State
Department of Water Resources, the SDWA has concluded that the
southern Delta must have an in-channel water supply in nor~l
years which meets the following water quality criteria:

~ree-day running average of
daily mean values at Vernalis 500 ppm TDS
not to exceed

Thirty-day running average of
daily mean values in all principal
channels not ~o exceed 450 ppm TDS ~

Water year average of monthly
mean values in all principal
channels not to exceed 400 ppm TDS

CONCLUS ION

The water problems of the Delta may be best solved by the¯ execution by the various Delta Water Agencies (including the SDWA)
of contracts with the United States and the State which will firmly
assure in an enforceable manner a dependable, suitable and adequate
water supply in the channels of the Delta within the boundaries of
those Agencies. The negotiating parties to such contracts are best
equipped to undertake this task and achieve a satisfactory result.
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Such a result will protect the Delta’s"priority" to its water
supply. The State Water Resources Contro’i Board, together with
other interested governmental agencies, Should provide all the
assistance and encouragement within its p~ower toward this
objective.

,In closing this introduction, it mus~ be emphasized that the
soutN~ern Delta must not enter another year~ without the firm as-
surance that it will have an adequate and ~suitable in-channel
water supply to which it is entitled. The experiences of the
summer of 1976 should make this clearly evident to everyone.

C--115546
C-115546



CROP AVERAGEYIELD BASIS ~RI~AT~ON ~AT’:LR ~UAL~TY RE~UI~E0
S~A (~ OF : ’

1971-75 Exhibit 2 (Uniform ’allowance for soil v~rlable soil ant
soil and "as needed" [variability with a ~ day del~
irrigation frequency) i~ alternate

i:ri~atlons from

schedule
[ Field-average, Irrigation ICorresponding    Irrigattoa
] Leach Ratio ~ater mini~J~ LR for Water

water) ~eeded [Typical Field3
Needed

COLL~’;
A B C D E F G

Al£alf,.. 22,900 I00 i0 i.0 (6&0) 7.~ 0.7 (450)     !~tter than ~50

(annual average 1,0 (6&O) 7.~ Better than ~etter than ~50
=ith zero June 0.?
July,Aug. a~ud

5 Better than 3.8 Better th~n    5otter th~n 410

..... ~a~oes lO0 15 ~.7 (I0~0) Ii. I.~ (9~0) [3e~er tha~ 900
Be~er ~han 450

17,200

Sugar gee~s 12,800 I00 15 4.7 II.

~e~ns 9,AOO iO0 16 0.7 (AS0) 12. 0.62 (A00)
~etter ~han 400 Si=ilar for

o.~59o 6 o,~ ~5o) A.4 0.55

Inuts, 6,200 i00 13 1.0 (6&0) 9.5 0.75 (&80)reaches, 90 6.5 0,7 (450) ~.8 0.5~ (3~0)

~ctuce and I
onions I00 ~ 15 0.85 (~0) i[. 0.75 (&S0) ether ~han 48
Seedlings ]I,000 ;ood su~Lval ~ .... ~ ................ ~ .... ~ "" - ................

Sugar ~eecs r~h beco~ poorer than ~0 TDS and as ~ccessary pl~nting da~es involve~tons
~Cuce & h~g~er.temperacures, ~tnds, and I~ hu~id£ty. ~pends

w~�n ~ven soil of shaD~nE and ralntatnfnE ~cc~r~ce ~eed bed shape~.

I. All cases ~ssu..’ne best ¢o=~.on irrlgaeion practices with flood and furro~ irrfgatlon, an~ reasonable provision of
drain ditches and drainage p~:ps. All cases ass~’~e no long range salinity build up.
Average ~ach ratio, Col. D, determines ~npu~ to ground=clef. Re:~val of groun~ater becomes ~ore d~fficulc when
per~fsslble groun@~’a~er levels ~su be bel~ deep roo~ zones and when elevations are ne~: sea bevel.

~. U.C. Southern De~a Sal~ntt7 S~ey da~a*Is assu~d to be representative ~nd ~s used ~o de,ermine a ~eac~ ra~o ~n    "
Col. F which ~II be achieved or exceeded In 90~ of a ~yplcal field =h~ch has ~he ave:~e ~each ratio in Col. D. This
Col. F leach ratio deter:ines ~he crop vleld for 90~ of ~he fle~d =i~h full y~e~d =a:e: quali~y.

L. Seedl~ngs ~e~in~:ed ~i~h 5es~ established ~ho~s on raised r~ ~e~s by furrow ~rriEs:icn and p~anted a~ approprla~e

A55revf~t~ons EC, ~S, ~ are ~hose used Ln U.C. Exh~Si~ 2.
~ See: Exhibi~ U.C. 7
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2

,." 1 TUESDAY, DECEMBER 7, 1976, 9:00 A M.

~ HR. BRYSON: Good morninz.

4 HR. WILSON: Our next witness, Mr. Chairman, we are

5 back to Hr. Hildebrand and he will be discussing for your

6 reference primarily the areas covered in the binder that we

7 have earlier handed out with the additional exhibits in

8 Section Four. ""

.. 9 He will be referring in some cases for illustrative

10 purposes to exhibits that were in Section Five.

I! Mr. ]{ildebrand has been sworn and his first topic

12. will be a discussion of an analysis of the water quality

1:3 reouired primarily for agricultural requirements in the

Southern Delta. He. has some slides. ! don’t know whether

15 he wants to commence with them.

16 HR. HILDEBRAND: Yes, I would like to start with

~7 the slides.

18 MR. WILSON: His testimony will be with reference

~9 to that so you will have a little background of the subject

20 matter he is talkinZ about. Hr. Hildebrand has been sworn.

21 Do you want to proceed?

22 MR. BRYSON: Hr.-Wilson, let me interrupt for just

2~ a minute. As I 10ok at Section Four of the materials you

24 submitted, it appears that Section Four are recommendations
2~ ~f water quality thaty0u feel are required. ’If That’s the
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!~ I case., it would be more appropriate for Phase II rather th~

~ MR. WILSON: }:ell, as we interpret it, in Phase

4 we wanted criteria. These are criteria which we believe

5 are necessary to support agriculture. It ties into the

6 testimony that we spent a good deal of time on with your

,. 7 consultants, the UC Committee, and our work is tied back

8 to that for illustrative purposes. It can"t very well be

9 torn apart. We would like to present it now.

lO HR. BRYSON: Well, the notion is, that Phase I!

l! will build on the ¯factual data developed in Phase I.

12 HR. WILSON: This is to support that criteria.

understood the issues as they were laid out that criteria

14, was one and objective comes in Phase If. I do confess I

1~ have a hard time distinguishing.

16 HR. BRYSON : it ’ s a little difficult to draw the

17 line. We recognized that when we set up the phasing, but

18 we thought it would be helpful to have the break.

19 MR. WILSON: But there’s another reason that this

20 becomes important. ¯ The Bureau and the Department of Water

Zl Resources’ testimony also related to the water year and

22 that also ties in with this. We would like to proceed.

2~ don’t think it wil! take .too long and if in the Chairman .._,

24 and the Board’s mind we are getting too far afield, I don’t

Z~
~elieve we are, then, of course, we will have to hold off.
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I HR. BRYSON: Let me seek the advice of the Staff

2 on this.

~ MR. CAMPOS: Mr. Chairman, Phase !, the subject for

4 Phase I ’is trying to gel an idea of water quality criteria.

5 The first six factors make un the considerations of water

6 quality objectives. Three of these factors are to be con-

7 sidered in Phase I, beneficial uses, water quality condiiion~,

8 and water quality criteria. We are not looking for

9 recommendations as to water quality objectives in Phase I,

10 but we are looking for water quality criteria necessary

~I to protect beneficia! uses at various levels.

~2 HR. WILSON: In Phase I.

I~ MR. CAMPOS: During Phase I.

I~ MR. WILSON: That’s what we want to talk about,

15 necessary to sustain agriculture in the Southern Delia.

16 MR. CAHPOS: But with this oualification, that we

17 are not looking at what leve! agriculture should necessarily]

18 be sustained, but trying to get an idea at various levels

19 of protection, this would be the criteria necessary to

20 protect that beneficial use.

2! MR. WILSON: That’s what we intend to set forth

22 and to describe.

2~ . MR. BRYSON: Well, i don’t know -- Have you

24 reviewed Section Four there, Mike? It looks to me that

25 these appear to be recommendations.
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! MR. WILSON: .This is.what the Board, the. South

2 Delta Board, has found. We have discussed this at great

3 length. It gets into definitions of water years. ¯ This is

4 necessary --

5 MR. BRYSON: Al! right, Mr. Wilson, if you can

6 identify the levels of agriculture associated with the

7 criteria that is set out, ~ou may proceed.

8 (Thereupon MR. HILDEBRAND resumed She stand

9 and testified as follows:)

~0- DIRECT EXAMINATION CONTINUED

~! By MR. WILSON:

12 Q Mr, Hildebrand, then do you want to proceed?

13 MR. HILDEBRAND: Will someone work the projector

~ for me? I have just a very few slides here to give.you a

~5 little visualization of the situation we are now experie~-

~6 cing. ¯ Could somebody douse the lights part way at least?

~7 What we have here are just a very few examples .of

18 the consequences of the kind of water we are using now.    ’~

19 This field here was planted to tomatoes, a late

Z0 planting for the green tomato market. It is on the east

21 s~de of the San Joaquin River near the river about, I

22 guess, halfway from Vernalis down to the Paradise

2~ bifurcation. These tomatoes were planted and the seedlings

24 did not survive through a substantial portion of the field.

25 , If you look particularly.he~e, you find some
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plants survived and in some areas there was almost complete

2 kil! and in other areas they did somewhat better. The

~ operator of this field is a very competent successfu!

4 farmer. He is not an imprudent operator at all.

5 The consequences of this is that many of the plants

6 in the field did not survive at el!. A good many of those

7 that did survive did not mature at the.same time as the "

8 others and in the present day you can’t go .through a field

9 and pick numerous times and those that aren’t ready to

10 market when the rest of them are ready to market are .just

I! wasted, so there’s a very substantia! crop loss in this

12 kind of situation.

~B Hay I have the next slide, please.

MR. TEERINK: When was that planted, Alex? ~

15 ., MR. HILDEBRAND: I can’t give you the exact

16 planting date, but it was probabSy the first of July., maybe

~7 a little before that.
~

|8 MR. JOHNS:+ Were the fields around .there. using t~e

~9 same water supply?

20 HR. HILDEBRAND: Yes.

2] HR. JOHNS: They seemed to be al! green.

22 !dR, HILDEBPJ~ND: Yes, I can explain that. .If you

2B want to go back to the other slide -- the main thing I am

Z4 depicting here is a seedling kil! and we wil! talk about

25 the problem of seedling .su.r~vival~ Your established plants
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can stand in general particularly in the .vegetable crops,

2 somewhat more salt than the seedlings can, plus the fact

~ that it’s more easy to avoid having salt .,concentrations in

4 the root zone of deepe~ roots than the ones that are near

5 the surface where yo.u are getting surface .evaporation.

6 Now these here were beets. Actual.ly these beets

7 were having a very serious problem when they were first ¯

8 terminated, but by dint of a great deal of operation from

9 a IQt of farmers, we were~ble 40" get some Stanislaus

10 water return flow and pipe it all-the way down here .for.

I! this poor guy and bat! him¯ out On that. And once beets

~2 get through the seedling stage they are fairly, salt-tolerant

I~ It"s a problem 6f:getting them.s.t, arted.

is an°.istabiishe~d alfalfa field

~5 and generally.thi~saliniti@°.i"%e g~t w6i"t .kill alfa.lfa,

16 just retard ~ts ~growth. You get substantia~ yie.ld .l.oss,

17 but you don’t see that in the piciure very wel!. The

~8 picture can show you the seedling losses, it can show .you:

.19 the major variations in yield, and you do see that this is

20 not a uniform situation. But in genemal it won’t kill

, 21 an established stand of alfalfa.

22 Furthermore, you ~1ould have to have a more on the

2~ ground analysis to .say e.xactly what the situation was here

24 and we didn’t examine this field, We did examine this

_     25 field and this one in some .detai!.
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I Going to the next slide, that picture was taken

2 in late July and there were some other pictures that I

3 will be showing were taken about a month later. This~again

4 is a tomato field on the west side of the river.

5 And you can, just see the very poor yield of the

6 tomatoes. This is merely taken at ground level so-you can

7 see the consequences better. So this is just a disaster

8 for a man to have This kind of situation.

9 MRS..AUER: What year is that?

10 MR. HILDEBRAND: This year, 1976. All these were

I! taken in 1976.

12 MR. HACAULAY: When was this particular crop

!B planted?

MR. HILDEBRAND: . Again, I don’t have the exact

!5 planting date.

16 MR, MACAULAY: I wondered how old the plants were?

|7 MR. HILDEBRAND: This would have been planted some

~8 time in June, probably fairly early June. ’0o

~ 19 MR. MACAULAY: The plants were a month or two old

20 at that time?

2! MR. HILDEBRAND: Yes. You see the plants that got

22 through the seedling stage are somewhat larger.

2~ Next slide, please. This is down on Middle Roberts

Z~ This is Hiddle River here and here again is a beet field.

25 Y,ou can see the severe seedling kil! That was experienced
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here, but again the beets after they are established can

2 stand quite a bit of salt, so that this is a typical..~

~ situation that we saw this year in the ~eet fields,t°:"

4 There is a heavy loss on the seedling .survival,

5 but those plants that got through the’seedling stage didn’t

, 6 do too adly. : ,     ¯ ,

~ 7 Now to avoid this k,ind of situation, what .some of .

8 the growers are doing --.although these pic.~ures were-taken

9 this year our. salt situation was n~t greatly .different.

10- this year ~.han in other recent.years. The..situation.that

I! we .have depicted over here is fairly common now.e.xcep.t in

1̄3 By summer.~ and fall we .have .so little flow.in the,

14 San Joaquin River and so. much salt coming .down that .we "

15 typically have ~hese situations. So whathas.beg~.n .to

16 happen is that some of the beet growers-start plan.ring -

their beets ~uite early becaus.e you have less of a seedling

18 problem early for two reasons. .One is ~sually the water ~"

19 quality is better early and the other .is the weathe.~..being

20 cooler~ you do not have as. much surfece evaporation and

21 you don’t get the concentration of salts in .the seedling

22 zone.

2~ However, .when the beet grower plants hiss.beets too

2~ early, he causes a.problem, both for himself .a.nd for other.s

2~ relative to some virus p~oblems. .It"s.-not a good.-.±hing to
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.. ° I plan~ beets that early and it. creates severe problems to

2 distort The planting schedule by. this means of getting?by ¯

~ with poor water on beets. ..

4 This is another tomato field and again you can. see

5 the problem there, and in The case of Tomatoes,~ They are not

6 as salt-tolerant as the beets, so.That The problems go on

7 past The seedling stage to a considerable degre, e.

8 I don’t mecall what was in This fi,eld, but you can

9 see. again That it .was a pretty bad situation.

10 NOW if you went out ~.ling Levee Road on Middle -

~! Roberts, you would see a whole lot of fields .that. !ook like

!2 this. These are not just isolatedexamples. I am only

IB showing you a few ..slides, but we would like to have p~esente

you with a portfolio of two or three dozen slides, but we

!5 just couldn’T afford to reproduce fifty copies.

!6 One more, please. This.picture was taken the 20th

~7 of August. This is also on Middle Roberts. I show This, ~

!8 this is the sort of thing we have seen before and I show

!9 this to show you what’s happening to a walnut grove.. This

20 is a fairly young grove. The problems that result from a

21 situation where the farmer is caught between the fact That

22 if he doesn’T leach heavily, he gets too much salt in the

2~ root zone, and if .he does leach heavily, he gets too high

24 a water table and The walnuts being deep,rooted can’t

25 stand The wate~ Table, so .this field is being managed so
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1 that,he gets part of each trouble and you can seewhat it

2 is doing’ to him.

~ If these were older trees the problem would be

4 worse because of the deeper root system.

5 Next slide, please. This is a vineyard up near

6 Vernalis. It is taken from a sufficiently great al~itude

7 in order to.show the whole field so you can’t see too we!!

8 the close-up of the plants, but you can see..there’s a large

9 variation in growth here from one area to another.

10. The main reason we show this picture is it illus-

I! trates the fact That our soils are not uniform. We get

12 different results over the field, different ratios and

I~ consequently the water that ;.night be a!l right down here is

14 not all right here, and when we start talking about water

15 quality to meet the agricultural needs of a field, a man

16 can’t stay in business if he can only grow his grapes down

17 here. He has to be able to grow them over nearly al! the

18 field, so we will come back to that point.

19 I think we have one or two more, don’t we? This is

20 a cornfield on the east side of the San Joaquin River down-

21 stream -- wel!, I will put it the other way, it’s upstream

22 maybe three or four miles from the Paradise Cut bifurcation.

23 You can see again the great variation in growth here.

24 This was a smal! field. The same operator has

25 ahother field not far away-that was planted at an earlier
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I date because this one had to wait for some grain.to come

2 off, The other field looked pretty good. His yield wasn’t

~ what it should have been but you wouldn’T have visually

4 seen anything, but corn and some other plants, once it is

5 damaged like this, there’s nothing~you can do later on

6 that will give you.a good yield.¯

¯ 7 You could have distilled water later and it still

8 wouldn’t recover. The end result was that~it-only paid

9 him to harvest about two-thirds of the field ~and he-would

10 have lost money even on that. It was a very poor crop.

!! .. That’s al!. That just gives you an- illustration

12 with a few slides of the sort of thing we are talking about.

IB Now, of .course~ we don’t contend that all of the

14 fields look that bad,.but many of them did and .again I come

15 backto The point that you only see the cat.astroph~s~in the

16 photo, : ’

17 The alfalfa farmer who is getting two-thirdsof

18 the crop he should get, you could look at The field and

19 you wouldn’t know it.

Z0 MR. WILSON: Q Hr. Hildebrand, you have made an

21 analysis of the materia! presented by UC Extension Service

22 Committee and their report?

2B A Yes.

24 Q And with particular referenceto the Southern

25 "Delta soils and crops, is that correct?
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! A That’s correct.

2 Q And is that for the purpose of ascertaining, the

~ necessary water quality criteria to sustain those’c~ops?

~4 A That’s correct.

5 Q Is that analysis set forth~ in. Exhibit 5 .E? ..

6 A. That’s right.- .. -" ....

7 Q ’. Mr. Chairman, it was, in one of the exhibits that

8 was distributed yesterday, IV-E.

9 Would you discuss and explain that exhibit~. Mr.

10 Hildebrand?

~! A Yes. Before discussing the calculations.on .that

12 exhibit~ however, I. would like to make some background "’

13 comments that relate to it.

14 ~In the first place, there is no..precise answer to

15 the question of what water quality is needed in a channel.

16 There’s not even a precise answer to the question of what

17 water quality is needed for a particular crop on a particula

18 field because there’s so many variables, other matters.

19 Perhaps I could illustrate this by taking some hypothetical

20 answers that have fewer variables. Suppose you were asked

21 to determine how heavy a bean sack a farmer could lift off

22 the ground. This would depend a lot on various things, and

2B you couldn’t come up with a precise answer, and suppose

24 further, you decide that the farmer must pick this up with

25 h’is right hand atthesame time that he balances a stick
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1 on his nose, juggles three balls with his left hand, and

2 kicks the dog that is biting his left ankle. That’s more

~ comparable to the situation we are faced with. ~-.
4 The farmer is urged to use saline water, but he

5 must conserve engery, control the Water table, control weeds

6 have sufficient time between-irrigations for cultural

7 harvest requirements; plant crops suitable to t~e soil,

8 climate and market; plant at seasons appropriate to the

9 crops and so on and so on.

I(9 Now many of these requirements are conflicting,

11 so you can’t fully .optimize any one of them. .-. ,

12 And the question then comes .down to what is a

1.~ reasonable expectation for his optimization of the uses of

14, saline water, and it can’t be viewed logically in. dependently

I~ of the other requirements that are placed upon~him in his

16 management. ¯ : .-

17 He is faced with the very complex management

18 problem. " ..

19 So there are two ways then that one might arrive

20 or approach the question of what is a reasonable.water

21 quality to meet the needs of raising this farmer’s crops.

22 The first approach which I think deserves .con-

2~ siderable c..~edence is that people best "able to determine

24 this are the farmers who utilize the best irrigation

25 practices that are found ito be technically and economically

\
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! practicable in substantial commercia! practice and

2 represents Southern Delta lands and c~ops0

~ Now it is these people and people like them else-

4 where who produce most of the food you eat. The ones who

5 are incompetent eventually go out of business and before

6 they do, they don’t raise much food anyway..

7 ~ Now 30 years ago the farmers in the Southern Delta

8 didn’t have any experiences using saline w~’ter. They " .

9 didn’t have to do .it. You can see. from these charts we .

10. didn’t have that kind of water in those days.

!I As the water quality began to average more~than.

~2 about 350 ~parts per million TDS, the problems began to arise

and about something like I0 years ago, there b.egan to be

14 a 9r~tty good concensus agmong the kind of."farme~s. I ¯

~5 described, that 500 TDS was a reasonable maximum, but they

16 were not thinking of this as a figure they would, have to

~7 live with al! the time, "

18 They were thinking of it as an intermittent high,

19 not a sustained figure. And I think it’s fair to say that

Z0 the prevalent view among the kind of farmers I described

z! is that 350 would be best, 500 should-be tops, and the

22 average should lie somewhere in between if they are to

25 continue to have an economically viable operation which

2~ makes good use of the land resources and the inputs That-

Z5 they have to have of lab0r .and fertilizers and so forth.

.̄.     ¯ :..~.                 . ~.:..

0--115562
(3-115562



18

I If they get poor yields they are getting a poor

2 return on all of these resources which are not only

3 important to the farmers’ economy, but in the utilization

4 of these resources in behalf of the nation.

5 Now anothen approach is the one just.referred to,

6 and the one that was discussed by.the UC representatives

7 yesterday, and that is to take the latest experimental.

8 and theoretica! data from the sot! and wate~ scientists

9 and’calculate .the water required for Southern Delta.crops

10 and soil situations, .,’ ..

11 Do you recall that the group said several times

12 that the UC guidelines are based on some rather, favorable

IB assumptions as to ..the situation to which the water is

14 applied, and that if one has some different. Ituatlon~ one

15 must then calculate a new set of guidelineslthat apply to

16 that specific situation.

|7 Nowthe purpose of IV-E is to showthat one can

18 for the Southern. Delta do exactly.that and arrive at a new

19 set of guidelines that would be appropriate in.the Southern

z0 Delta, So first you have to list the crops, in col~mn A,

21 and we have listed not al!, but a number of the same crops

22 that we discussed as being crops important to the Southern

2~ Delta yesterday.

2~ Again in column B, I refresh your memory on the.

25 Current acreages of thos~~, but as.I pointed out, those are
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subject to variation with time~ market and for other .~

reasons.

Now then, in order to make this calculation

the UC people have talked about~ one has to make some ..

assumptions regarding the yield that is. tobe.r.equired,-

and I don’t know any way to do this without discussing a’:
.̄ t...’~

little bit what are reasonable figures "to put ,in that

Now if you want to put in some other figures" and arrive

some different.answers, that can be. done by the same .

method~ but. let me illustrate with the figures ..that. seem’.’,:]

to ..us to be reasonable. .. .. .....- . ..~ .:..’.

~.     .Bear in mind that the.cost:of.raisi.ng,..for .e.xample

oneof these tomato c~ops I. showed you, is almost the same.~:~

UD ±0 harvest time"whether you.get a..fuil yield or..whethe~.;~i"
¯ ".. .. :. ~...~:,

you get a 20Zpercent yield, YOUr equipment has. to igo. all.[:.i,,[

over the farm, you have already put. on yodr..f.ertilizers,

your herbicides," and your costs ame almost..±he same.

Even your harvest costs do not go down anywhere ’"

near in proportion to the yield loss because your equipment

still with a poor.stand ~as to .traverse the .field and

there are many ~easons why the costs ~ even though it may

go down somewhat~ wil! .not go down :in proportion.

Beam in mind~ also~ that the ¯significant figure ~.~.

in terms, of economic’ viability is not the gross met.urns it.

the net return~ and the net .~eturn.has to be. viewed not on

~ ..... ° .......... , . , , ¯ .... , ..... ......,~.:....:.,...~... ....:.. ;.....
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! a particular crop, but on a reasonable crop rotation.

2 If you Try To make a calculation based, for exampl

~ just on Tomatoes, you will come up with a fallacious answer

4 because you can’T grow Tomatoes year in and year out on The

5 same land.

6 You may grow it for a couple of years and’then you

7 have To Turn to another crop. Sometimes a cr6p is grown

8 That is actually a loser, but it is necessaryin order.To

9 clean up your-soil situation from .The previous crop .and.

10 prepare~iT for The next crops so you ha4e To look at an

I! entire crop cycle and consider The net return ’on The whole

12 crop cycle and not on a single crop.

IB The farmer must also make enough return To Take,

14 care of the unnecessaryand unforeseen Things that happen,

15 not only the drought years, but th~ cannery.strikes-, the

16 Times when it rain~ in August when it shouldn’T .rain and

17 rots his Tomatoes before he can get them into the cannery,

18 and This sort of Thing.

~9 So if figures are made basedon growing a single

20 crop with everything growing perfectly, They justaren’t

2! realistic figures.

22 Now just what a Typical net return is, is a very

25 hard ±:hing To get’at because it gets d~wn to The question

24 of what returns should you be getting on your land invest-

2~ ment an~ many other thiigs. But I~think you will find that
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I most thorough and objective analysts will come out with

2 numbers that are not more Than about ten percent.

~ Consequently, it seems to us unreasonable to be

4 looking at reductions in crop yields of more than about.

5 10-percent if you expect to have the farmer.go on. growing

6 your food, .

7 On the other hahd, we accept that with the

8 variable soils we have and the efficient use of water you

9 can lt expect to have water quality, such that you can-grow

10" a full yield on every spot of land in every field, So we

I! have tried to make some al!owance for that and if.you look

12 first at the vegetable cr.ops, we have said, .well, let’s            ..

~B say that those’farmers that can get a 15-percent leach    -.

~4 ratio or better without a water table problem should have

15 a 100~percent yield on all but the poor spots in their

~6 field, and that those who get less than that. we will~ say

~7 will have to have a 90-percent return yieldifthey, are .

18 going to stay in. business.

19 You recal! that the sot! salinity.survey, while it

20 is a smal! sampling and it may. or may not be representative

2! did show that about a third of the fields would fall in

22 this category of being less than lO0-percenT yield if you

~ do this, and incidentally, we are assuming now in, you

24 might say, a normal year, because the situation is going

25 %0 vary somewhat. All right.. Then on the deep_rooted
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croDs, however, we have a more severe problem in two

2 respectS.

~ On the walnuts, for example, and. other tree crops,

4 you have to keep your water table !over. The lower-.yo%

5 have to keep it, the more difficult¯ it is to keep ’it there,

6 and therefore, the more ~ifficult.it is to live with ~a

7 high. leach ratio, and so we have shown a somewhat lesser

8 amount of leach allowance there, although we probably.::.

9 haven’t reduced it as much as we should in this .examp.le.

~0’ Q ¯. "Which figure are you referring to, Mr, Hildebrand?

I! A We are talki.ng now to Column D, what¯ figures to..

|2 put into Column D as .reasonable. ~ . ..-. ~:~    :; ..

IB Q Walnuts? ..    : o

~ ~ A ’ Walnuts, peaches and apricots, -- it would be

~5 about¯ the same for pears, and the cherry people tel! me

~6 that they need better water than.the other people. .They

~7 apparently have more trouble in their cherries~ down in the

~8 Tracy area. But. this is sort of an average figure, for th~

~9 tree crops,

Z0 In the case of alfalfa, you have a specialized

2~ problem which we a!luded to a little bit the other day, and

22 that is that the mechanics of harvesting an alfalfa crop

2~ inevitably compacts the. soil, You have to run your bailers

2~ and your mowers and your rakes and al! that equipment ~ over

~ the field once a month during the ¯life of the stand

C--115567
(3-115567



! practically and this tends to.compact the surface~ so that

2 in addition to having a deep-root zone you. have a more

~ difficult penetration job, and you wil! recal! that it was

4 mentioned by the UC people the other day, that when you

5 get to the. second, third and fourth" year Of.alfalfa, you ."

6 have increasing difficulty holding your salt load down

7 because of. the difficulty of getting, a penet, ration.

8 So we have not assumed.that a very. large percentage

9 of the fields can h~ve. more than lO-percent leach ratio, in.

10 the case of alfalfa. Now then .we have made some assumptions

11 which we fee! are reasonable from an economic basis .in

12 Column C~ and are reasonable in Column D based on what

IB you have seen in the UC Salinity~ Survey.

14 So then we come to the question that if these

15 leach ’ratios were uniform throughout the field and if all

16 the other assumptions that underlie the-guidelines applied,

~7 then what correction would you have to make in the guide, ..

18 lines just to take care of the cases where the leach rati~

19 is less than 15-percent?

ZO So now you turn to UC.Exhibit Number II, and it’s

~I about pag~ 26 through 31, and you will. fecal! that there is

22 a table of the allowable ~root zone soil salinity tolerance

for various crops.

So what we have to do is take that column and see

Qhat applied water, whatEC, what .figure would apply now
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in a revised guideline that takes care of this reduced

leach ratio but still assumes all of the favorable

circumstances.

Now to do that you turn ±o the graph on page 1.7,

Figure II, which gives you a method of converting the

guideline assumptions To some other leach matio~ assuming

stil! an average through the field.

Now at this point we ran into a little problem

because Dr. Ayers Told us in putting. This back Together~

there was an emror made and this graph is not compatible

with the Table on page 96 and the table on page 96 has

better figures, so instead of actually using the graph we

used a table That was very kindly prepared for me by Dr.

Ayers, which in effect.expands That Table on 96 To.make .it

more usable.

So that I could pick off the Table then the leach

ratios or the water qualities that would be required for

these leach ratios and these crops and Take them directly’~’

off his chart.

So the figures than that I have filled in on

Column E are the figures taken off Mr..Ayers’ chart which

as I say is an expansion of the one on page 96, which

replaces the graph~on page 17 because That one happens to

be in error.

Now that then Tells us what waTe~ quality we would
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I need to achieve the yields shown in Column C if we had the

2 leach ratios in Column D. Now the leach ratios in Column D

~ are the significant figures as regards the input to the

4 water table which as you recall is a problem in about half

5 the fields in our UC Salinity Survey.

6 And the amount of water that gets down to the

7 water table is going to depend on the average leach ratio

8 in the field, not on the leach ratio at one or two points.

9 So when we are worrying about maintaining a water

10 table, those are the figures we have to look at. But when

11 you are worrying about how much crop hield you are going

12 to get, you still haven’t got the answer because there is

~9 still the next assumption we wil! have to modify in order

14 to fit ou~ conditions is this assumption that you have a

~5 uniform leach ratio throughout the field and as you have

16 seen both from their test data in here and from the

]7 pictures I have shown you, we are a long ~:ay from having

18 a uniform leach ratio.

]9 For example, you could just look at this picture

20 on the last page of the salinity survey --

2! Q ~.!hat table and what exhibit are you referring to?

22 A This is UC-VII, pardon me.

2~ Q And what is that?

2~ A These are the salinity profiles at the various

25 locations and I’l! refer.you at the moment, say, to look
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! at the last four pages which shows salinity profiles. It

2 also shows the standard deviations that were found in

~ as they went through the field.

4 Now bear in mind that what you are seeing here

5 is not a measurement, of the actual leach ratio directly.

6 You are looking at the resulting salinity changes which

7 were caused by variations in the leach ratio.

8 To take the last chart~ for example, !ook at the

9 two dotted lines. One is the median or the mean leach ratio

I0 in that field at a particular date. The one that goes way

I! off to the right is the maximum, and if they had plotted

12 the minimum it would be about the same direction off to the

13 left, .-

14 So you see that the difference among different

I~ points in a field was in the proportion of something like

16 four out of seven. There was a rather large range.

17 Now a particular plant doesn’t care what the leach

18 ratio was in the. whole field. The plant is interested in~.

19 what is happening to its own root system, an4 so the yield

20 of the plant is going to ~espond to the leach ratio at the

2.1 site of the plant and not the average leach ratio for the

22 field,

2~ So if you. are to -- We wil! come back to the

24 question of just how this is done, but younow calculate

Z5 a leach ratio such that 90-percent of the plants in the
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] field would achieve thai leach ratio when the field average

2 is whatever it is.

~ Take; for example, the top figure in Column D,

4 10-percent leach ratio for alfalfa. Now if you assume that

5 the figures shown in UC-VII are typical for the Southern

6 Delta, and whether they are or not we don’t know, it is

7 not a big sampling, but if you assume that it is, and it

8 would cost a few million dollars to find out something

9 better, then you can calculate a reduced leach ratio such

10 that 90-percent of the plants in the field would experience’

I] that leach ratio and hence would have a full yield providing

12 the water quality was adequate for that reduced leach ratio.I

IB And so we come up with a figure of 7.~ percent.

]4 So if you have a water quality., which is adequate.    ¯ for a

]5 leach ratio of 7.4 percent, you will then stil! get i00-

]6 percent yield of 90-percent of the plants in the field.

17 The other 10-percent will have a lesser yield. You will

~8 take a loss on those.

19 So we can then a~ain go back into Mr. Ayers’

20 chart and again put down the water quality figures which

21 would be required to give you a hundred-percent yield of

22 alfalfa in a field with a lO-percent averaze leach ratio.

2~ Now let me come back a minute to the question of

24 how did we get from I0 to 7.4. That’s a rather intricate

2~ thing.
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I MR. BRYSON: Let me suggest that if There’s some

2 way to maybe bring .this to an end it ought to be done,

3 This is an important chart and I think the Board understand,,

4 it pretty wel!.

5 A The only point I was going to make really, you

6 could have a long e~udite discussion of how you get from

7 this data to Column F and if someone~ w’ants to interrogate

8 Dr. Orlob at length on this, he can give i.hem a treatise

9 on the subject. I doubt %he Board wishes this.

10 But I submit any reasonable analysis would come oul

11 with numbers such as we have here. They are at least

12 illustrative of the kind of situation.

IB Now we still have not made some other corrections

14 needed to make a new guideline that would be appropriate

15 in the Southern Delta.

16 If we turn now to -- !et me see if .I get my page

]7 reference here -- page 38 of UC-II. You see on page ~8 the

]8 guidelines assume that you have a salinity profile such

19 as shown in this graph and that by having such a p.~.ofile

20 the plants will be enabled to take its water.

2] MR. WILSON: Q. Which chart a~e you referring to

22 now?

23 A UC-II, page 36.

24 Q Thank you.

25 A This is another..one of the assumptions in the
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I guideline which we need to modify to fit our situation.

2 The assumption in the guidelines is that you. will

~ have a salinity profile such as shown in that graph and

4 that because you have that salinity profile the plant can

~ take 40-percent of its water out of the top 2S-per.cent of

6 the root zone, and so on down .to 10-percent in the bottom.

7 quarter of the root zone.

8 Now if you will recall the figures~ we were just

9 looking at in UC-VII, the last four. pages, you remember .

10 that those graphs don’t look anything like that guideline

;I graph. T.hey aren’t that shape at all.

12 The plant can’t take its water up in the manner

IB assumed in The guidelines. So we need To make a correction

,4 for that. The ¯problem we run into is that The sot! science

~5 hasn’t been taken to the point yet where one can make this

16 comrection.

~7 So that al! we can say is that to allow for that

18 factor we wil! have to have water quality better than thai

19 shown in G, but we can’t calculate a number, for it. It’s

20 an important problem. It can’t be ignored just because we

21 can’t calculate it, but the fact is That we don’t know how

22 to calculate it at this time.

2B And in That connection I againcome back to the

24 particular problem with alfalfa because that is our

2~ biggest crop in te~ms of "acreage and a very important crop
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! in terms of our crop rotations, and in the case of alfalfa,

2 we have a further problem of the same genera! nature, in

3 that the compaction I referred to of the surface prevents

4 your getting a penetration at an adequate rate to keep up

~ with the evaporation .from the plant during the summer

6 months.

7 Some years ago, before we knew as much about this

8 as we know now, I observed this problem in:portions of~my

9 field. I put tensiometers down with the assistance of the

10 UC people at different depths to find out how much pene-

]! tration ! was getting of my moisture and I found duringJune,

12 July and August of a typical year.I couldn’t get moisture

13 down as far as three feet and alfalfa has a root that goes

14 down eight feet or more.

I~ So .what is happening is during those months, you

16 are continuing to accumulate and concentrate:salts in the

17 middle of your root zone and you have to let the surface.

18 part dry in order to go in and harvest your hay, so that

19 the plant is in a rather badly stressed condition during

Z0 the harvest period in those months and you consequently

21 get a retardation of growth in alfalfa.

22 Again we don’t know just how to correct that, but

23 it is a serious problem. In order to not have to assume

24 any credibility of my own comments on this, let me refer to

2~ t~e statement by Mr. Robert ~Sheesley, a UC Farm Advisor
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1 in Fresno County who is considered somewhat of an authority

~ 2 on alfalfa, and just recently he was calling attention to

; "In summary~~ ~ this problem and he stated, and I quote,

~ 4 it is usually not possible to get water down through the

i! 5 root zone without scalhing the stand through lack .of

~i 6 oxygen in the root zone."

7 I won’t take your time to read it, but you would

i’. 8 also find some further comments on that on"page 21 near

9 the lower part of the page in UC-I~.

}0- Last, but not least, we come down to the bottom of

!! the chart --

i~! 12 Q First, finish your alfalfa. What do you arrive at

~¢~:.- 14 A Again, we don’.t know how to calculate it: .so a!.l

;~ 15 we can say is the numbers shown in this chart .are too high.

16 It will need better water quality¯ than you can pick out of

]7 the guidelines. You don’t know how much better, but the.

18 numbers are inadequate.

~: 19 Q Is .it better than 450 TDS? Is that what you are

20 saying?

21 A Yes~ and I don’t know how much better, but you

22 do not get full yield according to the guidelines~ and

2~ according ±o our observations if you lo0k at the alfalfa

24 yields that ape obtained under optimum conditions, and they

25 ape considerably above the .average. yields that we actually
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I experience, and this is surely one of the factors that

2 enters into the fact that commercially we have not been abl.

3 to achieve, except in rare instances, the kinds of yields

4 we should be getting.

5 And again,.I remind you that the reduced yields

6 constitute a very poor use of our resources of land and

7 fertilizer and labor and so forth.

8 Coming down then to the botiom of the chart,~b~ck

9 to this seedling problem, you can’.t grow the c~op if you

]0 can’t start it, The seedling problem relates primarily

I! to those plants that have small seeds that must be planted

12 at shallow depth and particularly if they must be planted

IB in the warm portions of the year.

14 These are plants such as tomatoes, sugar beets,

15 onions are usually planted in the winter, .but it applies to

16 them to a lesser degree, lettuce, and there, are others.

17 These plants are planted in row beds. You will see in UC-II

18 pages L~4 to 46 a discussion of the techniques for minimizing

19 this problem in these beds, the manner in which you shape

20 the beds, the manner in which you place the seeds in the

21 beds, and these are good methods and they are used very ,

22 carefully by the farmers.

2B They have an elaborate machine for forming these

24 beds ca~efully, but as with most things they work out a ,

25 little better on paper than they .do in practice, so even ’
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~ ! though they help the problem, they do not entirely alleviat~

2 it. They fall short for t~.;o reasons. One is that you

~ can’~t hold the shape of the beds perfectly and this gets

4 back in part to the question of the soil variability. You

5 get a little different settlement of the levels of the beds

6 as they become wet. You get a certain amount of slumping

7 of the sides of %he beds, a certain amount of washing from

8 the flow of the water in the furrows, an"d even if they

9 weren’t worked .optimally,- you still get a concentration

~0 of the salts due to surface evaporatio~ and this can be

11 quite severe° in hot weather.

In startin~ a tomato crop in hot weather~ for

example, a farmer may have to irrigate evvery five days,

I~ or about.four times in a row, before he has established

15 plants, and in the interim between these times, as the

16 sot! dries and crusts and cracks, and the salt is con-

]7 centrated in this very shallow zone where this seedling is

~8 Trying to get his toes down and get started in life. So

19 again, though, we are faced with the fact that there

20 presently is no way to make a calculation to assess the

2~ importance or the degree of this need as to what water

22 you should ~eally have, so t.hat al! we can say is that we"~

2B begin to have problems and the management begins to beco~e~!

24 mo~e and more difficult as you go ove~ about 350 .TDS, an~

2~ it becomes almost intolerable when you get. up to some
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the levels that we were using as you saw in the pictures

here.

~ Now when you make calculations, of course, you

4 always have to address, yourself to the question of so what,

5 how good are the calculations after you have made them.

6 On page 9 of UC-II,~ the guidelines are only

7 claimed by their authors to be good somewhere between plus,

8 or minus lO-percent and plus or minus 20--percent. Some

9 people have suggested that under These circumstances

I0 adjustments of less than 20-p~rcent to meet loca! conditions

!! are not very meaningful, but if that’s true, then you have

12 to also accept that where the chart calculations show

450, maybe the real heed is 360, and it’s not logica! to.

say on the one hand That the calculated adjustments’are

!5 not meaningful and on the other hand to say that the guide- "

16 lines are meaningfu!. ..-.:

!7 You can’t have it both ways, Now as you will see

18 from the numbers we came up with there’s actually a pretty .-~°~.~

19 good mutual corroboration between thepractical experience

20 of the farmers who say that .the figures should lie between

2! 350 and 500, the average should be somewhere in between,

22 and the guidelines as we have just calculated them come ; ..~

2B out to give you about that same answer,-so they do cot-.

24 roborate each other and give considerable mutual credence

2S you might say. :-.. . .- .i..:.. ~.:-

"~. . ~ ~ ~’"...:.:.
¯ ~ . .. ,.. ~.’......,...$. :..~ : : .:
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I Now when you talk about water quality, you can’t

2 quite stop there. The crops aren’t the only problem.’~ One

~ thing you have to consider is that there is stil! some

4 leve! of ignorance here. We are stil! learning. We are

5 still gaining experience, in the field.

6 The soi! sdiences are still improving their

7 techniques. Every year ±hey are making them a little

8 better. But we are faced with the fact that institutionally

9 it is going to be almost impossible to upgrade whateverwe

10 come up with, so we better not have ~i~ures of questionable

11 adequacy.

12 Another consideration is that the consumption of

IB water in the Southern Delta wil! be almost the same for

14 really suitable water as it is for water of marginal quality.

~5 I wil! discuss this a little bit more later, but the suit-

16 ability of the water in the Southern Delta, providing

17 suitable water there will not significantly reduce the

~8 volume of water available in the Delta pool. We are

19 talking about a circulation of water to equalize water

20 quality. We are not talking primarily about any increase

21 in consumption.

22 Another aspect of the problem which I mentioned

2B ~ea~lier is that although most of the lelch water gets back

24 to the channels, some ofit gets down to thbse aquifers

25 that are used for ruraldomestic wells, and if these all
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become salted up with excessively salty leach water, it’s

going to’be a rather major problem for the rural establish-

ments relative to their domestic wells, and wells that

are used to wash asparagus and so forth.

Last, but not.least, thereis still not much known

about the long-range mechanisms of soil damage from salt

But we do know that hi, ghly saline leach water wil! deposit

calcium carbonate and calcium sulfate in, the pores of the

soils below the root zone and I emphasize below because.

dePOsiting solids in the pores below the cultivations- I

don’t mean below the root ~zone, be!ow the cultivation zone

-- that’s a very different thing .from depositing the ¯same

materials on the surface and stirring them into the sot!.

When you deposit them in the soil you have no contro! of

reopening those pores below the cultivation.zone.

~hen I was director of oil field research, we did

a lot of work on the deposition of solids in the pores of

the structures which impeded the f!ow of water and oils in

the wells, and there is a tendency, we found, for the

mechanisms of deposition to be such that the permeability

is blocked, the percolation capacity is blocked more than

you would assume by just taking a volume filling of por~s.

We do know there is a long worldwide history of soils

with loads of salt where the irrigation water was too

great to handle it. They¯ started.ha~ing this problem way
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back in The days of HesopoTamia and They have had serious

problems in places in Russia in The ’~0’s, and we~ have had

it in some places in This country, and in ~India, We also

know That some of these lands often have never .been re-.

claimed.

If you will look in UC Exhibit I-A, you will find

a statement quoted in there as follows:

"The eventua! consequences of salt build-up within

any basins such as The San Joaquin Valley .is known

with absolute certainty, That is deterioriation

of water quality, decreas~.ng agricultura!:yie!.ds,

an4 eventually collapse of food sources as we

presently know them."

And the publication goes on to say that we know

how to avoid this. The question is will we.

HR. BRYSON: Let me inquire how much more you have

to cover, and ~:hat the subjects are and how long you exp.ecT

it to take.

A Just a little more. on criteria and Then a little.

bit ~on the water levels and f!ows. .I would say another

fifteen minutes.

HR. BRYSON: I think it ought to be as succinct as

possible,

A All right, Now considering al! Tkese factors Then

as we said in the beginning, you can’T come up with a
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precise answer, but we came up with the answers that would

seem to .us to meet all these questions of need if we. are
2

to retain our ability to have economically viable crops

in the Southern Delta, and those figures are shown on

Exhibit IV-A.
5

6 i cal! your attention parti6hlarly to the fig, ures

for a normal year, 500 maximum water quality --
7

MR. WILSON: Q. That was at Vernalis?
8

A          At Vernalis because it is difficult to regulate the
9

short term quality farther doQn, a 450, .30-day average

throughout the channels so that the water quality at some

one point doesn’t mean’,mu’ch to us; ,and then a water year

average of 400~, Now..we indicate a relaxation of those.

~qe wouldn’t hope to achieve full crop yields in dry years

and we allow some relaxation in the lefthand column, In

the wet we Would like .to see some offsetting of this

|7 to get the salts back out of our orchard roots,, for example

~8 and so we call for a better annual average in a wet year

which should not be much of a stumbling block.~9

Now the TDS which is the figure the farmers are20
most familiar with, and the EC’s which are the most meaning-

ful relative to osmotic pressur~ in the plants are both
22

shown there, the principal ones we have talked ¯.about, and
2~

~:e do, however, have to wor~y about this business of plant2~

2~     toxicity to various things. We have. to worry about the
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1 fact we have livestock drinking this water, so we have

2 shown in the subsequent pages some other criteria, but I

3 won’t go into those unless you wish me to do s~. They are

4 pretty wel! taken out of the UC limits.

5 I would like to talk a little, though, about the

6 definitions which would trigger relaxations of quality.

7 The dry year definition, which is shown in this exhibit,

8 is one that was first proposed to us by.the Department of

9 ~qater Resources in the first of our three years of fruitless

I0 negotiation.

II ~,le understood that that definition would, retain

12 the statistical frequencies in the~ Shasta definitions. The

I~ definition is certainly subject to reconsideration, but any

14 definition used as a basis for water quality in the Southern

15 Delta should have an appropriate input of Southern Delta

16 hydrology because as you have seen, the San-Joaquin River

17 system is the input to our system and it doesn’t seem to us

18 to make much sense to base a relaxation in the Souther~

19 Delta on criteria that has no input from the principa!

20 source of our wat4r.

21 Furthermore, it is our contention that the starts-

22 tical frequency of occurrence which was discussed by the

2B Department of %qater Resources for any designation uses for

24 water quality relaxations should not be altered from the

25 present Shasta definitions when applied to the entire period:
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! of record.

2 The original decision to designate a certain per-

3 centage of years as dry was a fundamentally arbitrary

4 decision, There is no way you can consider it otherwise.

5 Now the Department presented a very erudite

6 statistical analysis as the rationale for increasing the

7~ statistica! frequency of dry years, but the basis for this

8 analysis was also arbitrary and when the ..method first led

9 to what the Department of Water Resources thought was tQo

I0 great an increase in frequency, they added an arbitra.~y

11 adjustment to it. I don’t think we can be expected to

]2 believe that the Department would.have used this particular

1.:~ rationale if it had led To a reduction rather than an

14 increase. ..

]5 HR,.S!NTON: Hr. Chairman, I kind of o.bject to the

]6 rebuttal that is taking place here. I though:t we were all

17 under the same rules with regard to rebutta! and if so, I

18 thought maybe it.might be appropriate -- ;"

]9 HR. BRYSON: Yes, I don’t think this is the

20 presentation of factua! matter.

21 HR. SINTON: ! don’t have any.objection to them

22 suggesting they would like to see the San Joaquin River in,

29 but then going further and attacking seems to be beyond --

24 HR. WILSON: I Think it is for the purpose of

Z5 contrasting. We had a lot of discussion from the DepartmenJ
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I of Water Resources as to the statistical frequency and the

2 reason for it and I think it is pertinent to what has

~ already come before.

4 A Let me just say the point I was trying to make is

5 that I don’t think that existing rules should be changed in

6 an arbitrary manner to benefit one party at the expense of

7 another. I will stop there,

8 Now we turn to the question of "monitoring. I want

9 to merely remind you that Dr. 0rlob’s testimony is that it

10 is quite clear since our diversions are throughout the

I! channels, the criteria must be throughout the Channels and

12 we think it would take about these many monitoring points.

12 to accomplish any assurance of protection for the growers

I~ as a group.

15 MR; WILSON: Q. Thatis setforth, Mr. Hildebrand,

16 on Exhibit IV-B?

17 A IV-B.

18 MR..WILSON: Pages 1 and 9, correct?

19 A Yes.

20 MR. CAMPOS: ! wish to point out that the monitorin~

21 points, the monitoring survei-llance points shown in pink and

22 green aren’t shown on Exhibit IV-B. They do not appear.

2~ Q Actually, let me amend what l’just said. We fee! .

24 if we had all those that are in the dark colors, that would

Z5 do it, These are existi~g ones that were available for
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! preparing our data, but there could be some substitution

2 back and forth. We picked these other’ points as being

~ better points. "

4 MR. HACAULAY: The ones that are numbered?

5 A The ones that are numbered on our exhibit aren’t th

6 ones I am referring to. There were additional points Dr.

7 0rlob used becaus’e they related to the data on his charts,

8 since there is no data available from s6me of these sites.

9 Now another way to assess the suitability Of ihe

]0 water qualities that ~-~e have come Up with here is to" see

]] how they compare to what ~ others have done.

]2 If you look at Exhibit IV-c, you wil! see that as

..~.,:~,, ]3 compared to the State Water Project figures, that our

]4 monthly average comes out to be just about the sameexcept

15 that we are proposing to agree to a dry year.relaxition

]6 whereas they don’t seem to have any such thinZ. Their long.-

J7 term figure of 220 is. far better than anything we have.,

!8 suggested for ourselves.

]9 Furthermore, the hydrography of the system is such

~ 20 that the exported water quality wil! usually be substantially~

2! better than the objectives that the Department has~ whereas,

22 in the Southern Delta if the criteria were adopted such as

the numbers we have come up with here, they would probably

24 be what we would experience a great dea! of the time.

~5 It’s been argued .that the export waters must be of
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high quality to avoid recycling salt within the valley, but

a very substantia! portion of the entitlement ~f export

water is outside the Central Valley and the salt in that

water is removed from the watershed.

Furthermore, we don’t have the option that they

have when they reuse their water, of using" the good water

on the sensitive needs and using the return water on less

sensitive needs.                              "-

Our water has all been heavily ~ecycled b~fore we

get it, so that this again is a situation, to our detriment.

Now another comparison is to look at the existing

water quality criteria and see how they relate .and give

credence or otherwise to ours.

The earliest water quality criteria and the ones

that the Bureau seems to be observing are those known as

the November 19 Criteria. Now those criteria constitute

in our<judgment a valuable conceptua! step/in broad outline

and in broad outline they were.a realistic approach, toward

water quality control and monitoring in the Delta.

However, the authors developed an overall approach

but they did not refine it to fit the. detailed hydrography

and land needs of each portion of the Delta.

The author stated that the criteria were only

proposed and I quote, "As an appropriate basis for further

negotiations ."            ~ .~
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! In the Southern Delta the authors ha9~ not yet

2 seen the" full effect of export pump drawdown or~the growing

~ salt load and diminishin~ flows in the San Joaquin River.

4 They apparently thought the two monitoring points would

5 be representative of the Southern Delta water quality in

6 75 miles of Channel, whereas,this assumption has been

7 thoroughly disproven. They did not have the, benefit of

8 present day data on fishery needs ~ on crop salt sensi-

9 tivity. They did not anticipate present day problems with

~0 SouthernDelta water levels and salt balances.

~! They probably thought of the limitingquality

12 proposed as infrequent occurrences Whereas it is now clear

.-.~..     ,     ~3 that any limiting Southern Delta criteria adopted will

I~ prevail, much of the time.

They apparently assumed either that theSouthern

~6 Delta water qualityimprovement had to be contingenton

|7 new facilities or that those facilities would be,constructed

~8 before serious problems arose.

~9 Both assumptions have proven to be wrong as I will

20 indicate later.

2~ If you will turn to Decision i~79, which is

22 summarized insofar as it applies t~ the Southern Delta,

2~ on Exhibit IVrD, you see that i~79 doesprovide absolutely

Z4 no protection of any sort for the SouthernDelta. The only

~5 nearby point is at Clift0n-court which is a rather academic
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1 point now because the water quality there is regulated for

2 the benefit of the export-people rather than for the[.. ~

~ benefit of the Delta,~.but if those numbers were To.apply

4 within the Southern Delta, if you convert ¯the numbers .~o

5 TDS numbers with which most of us are more familiar, you

6 would see that they run from 560 up to.900 or more~ and

7 as we have discussed, we ju.st can’t grow our c~ops with thal

8 kind of water. ..

9 Decision 1422 also does nqthi...ng for the Southern

10- Delta until New Helones is operationa! and .then. provides ~

I! water quality .protection only at Vernalis, and .as .you ha~e

12 seen from.here, what happens at Vernalis doesn’t have .very

13 much to do with what happens throughout a good deal of-our

14 area. " ..

IH It:has. no provision for water leve! requirements,

16 no provision for direction or quantity of f!ows.

17 Now the currently pertinent data are in the Basin¯

18 Plan which are somewhat better, but the Basin Plan hasn%t

19 been.implemented in the Southern Delta~¯

20 The Department has stated repeatedly, both here

21 in public statements, ~hat they are operating as required by

22 the Basin Plan.

The Basin Plan, as you se~ r~quires 500 parts

24 per million at Vernalis, and positive downstream flows

2~ through the major Southern .Delta channels. It also was

¯
" - " .~..’..’:-"i

." .~
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! brought out that in the earlier discussions in this hearing,

2 there’s no significant physical difficulty t.hat~would.

~ prevent the State Project and the Central Valley Project,

4 a joint state project and Centra! Valley Project operation

5 making releases to the San Joaquin River for the purpose

6 of approaching compliance with the Basin Plan.

7 But the necessary arrangements ¯with the Bureau have

8 not been made as they have for other areas in the Delta.

9 This means that substanti.al compliance with the

IO Basin Plan in the ¯Southern Delta.should be.implemented

11 before the next irrigation season, I believe¯ you. indicated

12 a proper part ofPhase I was to address ourselves to:the

I~ situation we are faced ~with this coming summer.

14 ’ We feel .very strongly that that should be done.

15 ~ow although the existing Basin Plan should¯be implemented

16 no~.;~ it should also be revised in Phase-II to take .cogni-

~7 zance of the needs-we have indicated ±o youif we are to

18 continue providing¯ food for the state and nation in the

19 Southern Delta and continue to make good use of our lands

20 and other resources.

21 We need the criteria to protect these resources

22 which must, however, go.somewhat beyond just the question

2~ of water quality. The question ofq~a~tityand quality,

24 as you have seen, are closely interrelated,. You can’t

25 divorce them entirely; but it is possible~ for example,
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! under a system that makes no water quantity requirements

2 and has inadequate monitoring points to have a s~tuation

~ which we had briefly last January when the Basin Plan was

4 being met at Vernalis and we had 1900 parts water down

5 in this area, and areas where there was so little.water

6 we coul4n’t run the pumps.

. 7 We have’.to have pFotection against these low water

8 levels and we have to have the downstream,, flows that will

9 provide more uniform water levels.

10- I remind you that the salt we .are .concerned about

11 is not our salt. . It comes down the river. There .is some-

12 where between a million and a million and a half tons a

year of salt coming down the San Joaquin River now, and it

14 has to be carried through the Southern Delta at concen-

~5 trations that we can !ive with, and even when you !ook at

16 a thing like this --

~7 MR..WILSON: Q. Referring to what chart?

~8 A V-I. Chart V-I shows these humps in water quality

~9 we get here. Well, that is because in .order to use this

20 water we have to evaporate the water out through the leaves

2! of our plants. We are not adding any .significant amount

22 of salt ~in the channe.l. It is just the salt that was

2~ already there.

24 So this isn’t a consequence of our salt, it’s a

25 consequence of the salt .that came down the river, and
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! there’s no way we can use the. water without concentrating

2 it further, With our mineral soils and our farm operations

~ the salt input from our land is a ±rivial percentage of the

4 amount of salt in the channels.

5 You may recal! back in the 1379 .hearings , a . "

6 picture of one of our Directors, Albert Muller, :taken about

7 here .- -

8 Q You are referring to what area,..Mr. Hildebrand?

9 A Niddle River, standing and leaning on a shovel, righ

10- in .the middle of the channe! in the .middle ~of the irrigation

I! season, There wasn’t any water there. That situation

12 prevails frequently now in summer months~ and it’s not¯ an

13 isolated occurrence.

14 So we do have.to have protection.against that.

15 Now so far as the quantities required to achieve such

16 protection, if you will !ook at Exhibit VJH,~this chart is

17 based on the ~rates of channe! depletion as it is called

18 which were prepared by the Department of Water Resourceh.

19 These are the rates of net consumntion~or diversion of

20 water from the channels which they estimate in the Southern

21 Delta for the months shown in this chart, so that much

22 water which is given here in cubic feet per second as flow

2~ rates and which comes to between 4 and 5...hundred thousand

24 acre feet per year has to be supplied in order to meet the

25 consumptive needs of the.Southern Delta.
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In addition to that then we have to have what...

sometime~ has been called carrier water.to contro! .and~

equalize the water quality and maintain the water, levels,

and that is the requirement to pick-up this salt-in.the

river and carry it on through and atthe Same .time.to by.

virtue of having a downstream flow we avoid, these.hydraulic

depressions that are created by the diversions°and we-get

away~from the water level problems.               "-

These water level problems as you heard, have.~ been

aggravated, by the’drawdown of the export~ pumps, and in the

absence of downstream flows they also .reduce ~this.~tidal~

flushing in here which would otherwise assist in coming in

and picking up’ some of this and taking it out,-~"But the

real solution is.that -~here must ~e-athrough~.flow of. ow.ater

and it will~simultaneously then take care of. oou9 ~reating

a uniform water quility ormore nearly un.iform, correcting

the water level problem and transporting that incoming salt

on through.                         ..

Now ~×hibits V-A and B, whichyou-have already bee~

over, give you a visual impression of the freqqency .and

magnitude of the need for supplementary water circulation

to accomplish this and so I shal!-not go into ,that. any

more than you wish.                           " ......

It depends on the year. Some years~ we need a greal

deal. Some years we. need less, and it."dep~nds ~on the
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I MR. HILDEBRAND: I have tO give you a sort of a

2 yes and no answer to that.

~ Q Try the yes, first.

4 MR. HILDEBRAND: Yes, we would very much prefer

5 that the water quality were actually somewhat better than

! 6 these numbers during the season of the year when you are

7 planting seedlings, However, when you are faced with the

8 fact that with the numerous crops we have," we are planting

¯ 9 crops throughout a great portion of the year, really~the

period from about the middle of July until about the

middle of September, the first of September perhaps, is

the only period of year when there aren’t significant

acres of seedling growth involved.

14 Q On your Table IV-A, as between Items i and 2, for ’

15 total dissolved solids, as far as your seed germination

~6 period is concerned: I take it from your last explanation

]7 that you are more interested in the second, that is the

~8 ~.8~ "~~nning average of daily mean values of water quality .."

19 that’s better than the 450 parts per million TDS shown

20 on your Exhibit V-A?

21 MR. HILDEBRAND: No, I wouldn’t say that. In

22 connection with seedlings, assuming that you had done a

2~ proper job of land preparation before you plant, the

24 significant thing is the quality of the water at the time

Z5 you pump it, not what it was two weeks ago. We recognize
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I that the water qualities don’t tend to fluctuate as

2 rapidly down in the lower centra! portions of the Southern

~ Delta because of the time lags involved, and that it

4 would also be more difficult to regulate the water quality

5 on a short term basis. Therefore, as a matter of realism,

6 we propose that the short term water quality be applied

7 to the input point at Vernalis, the regulation there,

8 so that we will never get more than the ~-day figure on

9 a seedling crop, and that we don’t mequire that it be

~0 monitored and controlled on that scale down here. It’s

~! less likely to fluctuate rapidly and by the same token,

12 we have concerns in that you get some salt build-ups in

~ a more mature crop like our alfalfa during the course of

±he season.

15 Here, however, you don’t care quite so much about

~6 a specific irrigation, but you still do care about what

~7 kind of water you have in July .versus what kind you have

~8 in April, hence an ¯annual figure as wel! as a monthly fig,ure.

19 Q So regardless of the fact that on VI-A you are

20 showing running averages, you are still talking about

2] better water quality than was reflected here procedurally?

22 ~R. HILDEBRAND: The A-l, .you mean?

2B Q Yes.

z4 MR. HILDEBRAND: Yes, that’s right, to be sure

that we don’t get a slug of salt comin~ down just when you
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! you can never harvest the hay. You couldn’t pay for the

2 sprinkler system with the kind of profits. So it;s a

~ rather hypothetical question.

4 Q Could you just put more water on in the winter?

5 MR. HILDEP=RAND: In ~he case of alfalfa, for

6 exam.Die, you have a severe problem there because you make

7 your last cutting, Say, in early October on your ilfalfa,

8 and now you can go in and irrigate it once, maybe twice,

9 without holding the water on it too !ong and causing

10 damage, but one or two irrigations will not leach you down

~! /~tthe root zone in the second and third years of alfalfa,

12 and after you go ahead and you do this again in November,

~3 and then the weather man turns out to be wrong and it

~4 rains all the following week and it keeps the ground soaked,

15 you kil! your plants because they can’t, they are deprived

]6 of oxygen and they can’t grow, so you have a rather limited

~7 alternative.

~8 If you knew for sure it was going to be a dry y~ar,

~9 you could go on and do some more leaching. On the other

20 hand, nobody is that good yet.

21 HR. BRYSON: I’m going to have to interrupt at

22 this point. We need to break now because several of us

2~ have meetings. We will take up again at i:30.

24 (The noon recess was taken. )

25 ..o0o~
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15,

! A Yes, I would. ;~..

2 HR. SCHULZ: That’s al! I have,

3 MR, BRYSON; Mr. Sinton, do you feel the naed for

4 a second round of cross-examination?

5 MR. SINTON: No.

6 MR. BRYSON: Al! right, Staff.

7 MR, CAMPOS: Mr, Chairman, ,a !or of ±he..concerns.

8 of Staff have been addressed, ~’,~e do have a fe:~ .q~.~ions,

9

10 EXAMINATION

! ! B.y MR. CAMPOS : ~...

~2 Q I would like to .start out with Mr. Hildeb’rand.

!~ You mentioned to Mr, Nakagawa .that the monthly irrigation

withdrawals in ¯ExhibitV-H would not change subs~antially

!5 from y~ar toyear. My quesiion is, is early .irr.igati.on

!6 practiced in dry or critica! years such~aS ~in.197.6.? .

!7 MR. HILDEBRAND: Oh, yes~ if you are looking at the

!8 early part of the year, it makes quite a bit of dif.fere~nce

!9 whether it was a dry winter or not, because for e.xam.ple,

Z0 this year, in the absence of rain there.was a great deal

2! of irrigation done in January which would,not ¯normally

22 have been done. Normally in January you would have~.some

~ leaching irrigation going on of lands that were b.’et, ween

24 crops, for example, where you weren’t going tohurt-the

2~ plants by too much water.. But you wQuldn:T...have:
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! significant amount of irrigation go.ing on to just so.ak up

2 the sot! to prepare, for planting. ...., -

~ Q .I would lik.e to refer to Exhibit I.V-E ~and...

4 specifically column D.

5 MR. HI LDEBRAND ~ Yes.

6 Q Do the leaching ratios shown in this-column D

7 represent the Soil types over which these 9.tops ;.-~re usually

8 grown ? ¯

9 MR.. HILDEBRAND: We feel that the data. available

IO both .from farm experience and from UC Exhibit VI.I indicate.

1! that these are reasonable leaching practices fop. the. soils

12 we have, yes, Now there are .some of our .poor soils, ’poorer

13 than this, and then there are ones that would:be better,

14 but this would be representative of a substantial percent-

15 age .of the total. . . ....:./.     ..

16 Q In your Exhibit III-C, you present detailed

17 average crop acreage for the .period 1971 to 1975.

18 MR. HILDEBRAND: Yes. o;

19 Q Do you have more detailed information on: cropping

Z0 acreages in various areas of the South Delta Agency for-

21 roughly the same period, and if so, would it b~ possible

Z2 to get this ¯information?

2B MR. HILDEBRAND: We don’t~ I believe~, have.., it

24 ava.ilable. I would hav’e to go back to the source ;of... these.

Z~ I don’t believe we had this data segregated ,by"~ea~s very¯
":’." " -"" :’~" ..~: " "~i -"-"

: , .~ ".~..:’-: . .’~,a,’" "... " ".
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] of ~:h~ese, ~-epositions will be ano" hence the

- ~=:~=lt th_~ you cmn to]eraze before the

3 :,~..=~! damac= become-- ser~

But it should be ouite obvious that it’s not

5 a uniform demosition, and it has potential of being very

6 serious.

7 The I~ost =~_.~_~_{sm       _T’m away:__ of in,connection

~ ~ieh r.h= depos:~" the destruction of" mezmeabi!itv

by the der~osition of solids is actually in the oil field

]0 __~-r=se£rch               _]aborator<.~=___.    They                =’=-r- ta!kino =bout- usual!y_ s~m=-_. _

]9      .,                        i ..... :- n.hv~<cs of it is ~atne~-

]3 so ~ rA:er you %o ~.__~_-,~ = _]aboratories for what expertise_

.. - - .~=~,~_, ~=o~,z=tor~es such as +~= o,._ ! was fo~a~r!y

15 a .laborato~v director

]~ To <;~m-,=rize, then, ~’=:=’~dinc our water cualitv

17 r..=.=s~, our needs a~’= about the <=r<= for several

IS not ~, t for one

~:-~,= v:ater mualitv_ needed for :~eans~ and carrots

20

_=’e:-v~abl= 5rid los<_ unifc:r~, sol~__ rot           =,-’faifa, .....             . ,

corn, :.,== ..... ~, ~c:mavc, es, and other vec~tab!e

~’r-tbermore, ~{s cualitv ’-    ~d=d in sorin~

end ea~-Tv_._ su~er for seed                          £er-T:’~ , ~nation and~ survival. It                      _

25                                .,needed to mini~:ize zne potential !oss of permeability in

26     soi]s~uh~t~ are a_~=~,l~.-.-;’" mlonn" " " ’ such znat" any further !css of
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] This _mires us protection against short-term

" fluctuations.

3 The 30-day runn{nc averaoe of mean. val%es, which

~= t’~.e second item here, ~s t~,e {~gure that ~--=~e the

z~rmer in terms of monthly average s~!t load he is puttin~

6 on his crop during th= i~-~c~~’~" ". . . .... . _ ulu~ seasoF,, and the annua!

7 a’:e-s?e=,~ i=~ the figure_ that                    ~:rotects him in terms of his

so~] salinity, his ioncer-term _ ~ " ~

" _ p.o~_u-d dry]~ow, you wi]i note that we have I~ ~4x=

I0 year relaxations in these.    C,u~ ..... basic ~,~=’,~_~=-, you_ m.icht_ say,_

]1 is the annual n~mloer. We start :~ith the normal year,

12
.~.2. E~-’~ or z00. TDS which, as we have shown,                                                          ~_,~= in our

opinion reouired to met ful! -:-~ "~ _

in our situation.

15 We permit a relaxation of u~ in a dry }’ear up

16 to~’50, but ~.:e ask that it be offset, then, in a wet year_

17 by co{no down to ~50 <o tha~ we can met some f~ushinc and

].:eap, =~ o’dr lone-term, soil salinity, down,                ...~m{mRm~=_~ our

19 permeability problems.

20 =.~so, zn~s~ ion[-term =z~ures have a lot to de

21 with the kind of w{ter that gets on down in the aauifers

22
we use for our domestic w=lls -s we referred to in mh£se I

23 Simi!arly, on the 30-days. f{_~cu~=_~, we -- i be~_- {eve

24 the figure should be 450 -- we relax it to 500 in the dry

25 v=ar, and we permit th= same fiaure for the irrigation

26
season in a ~-et year even though the annua! would be
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] reduced.

2 Ey reducing the annual, ~-’e will tend to get

3 better water in the winter leaching season and winter

4 plantin~ season.

5 .:7~..,., .....C~MmOS: What definition =re- you. usina. {or_ _

6 dry, normal, and wet?

g little while.

9 Now, as we have discussed before, the E:C values

10 have to do primarily with the relationship of the osmotic

]] ability of the plants t.~ t-~- - =,,e u~ water, but it provides

!2 no direct protection a~cainst toxicty from particular ions,

13 one of ~,:hich_{s chloride ions. And since ~’-~.e salts we nave"

14 don’t have a predictable long-ranc.e deposition as would be

15 the case with seawater or even somewhat with the east side

]6 return f.iows, we have to have a protection of chloride ions

17 in the event that the. deposition of salts in ~’-=,_:~._ future

]$ ml~ht be chanced s~cnificant!v f~om what

~:~ z!cure %;:e na~e here for ch]~"-= ions is the

20 same~-s the r,onth!y averac~.~ fic~:re in the State :.later

21 Project contracts ! believe.

23 relaxation of ~-’- ficure in dry years which the-," don’t

24 Dermit, and they have a far lower year average chloride

2~ figure than we are asking for.

26 Another toxic ion is sodium, and it has the
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I problems both of toxicity to plants and a!so of soil

2 damage due to what’s known as sodification.

3 And without going into a lecture on that subject,

4 I refer you to the U.C. guidelines.

5 The}’ propose a sod_~um amsorp:~lon ratio to

6 measure the sodium ion content in telm-.s’of its potential

7 for sodification, and ~.:e are merely using the figures that

~ they have proposed in their guidelines in that regard.

9 We are assuming for the moment at least that in

I0 protecting ourselves against sodification we ~.zi!! also bare

]I adeeuate protection ac_ainst sodium toxicity.

Now, there are other -~on= ...." _ .- ~..n~cn can be toxic

13 to plants such as boron and stil! other ions which could be

14 damac_ing to our 14-’=stock_v_ industry in that these_ waters are

15 used also for__~ ~v~stock_ drin:<:~c’..~, water.

z~:ou~:, not~_~,.,~._.~:~ ~-:--;-=d ..... in t~,= exhibiz .. _ ,-

17 a!so :,~.-~p~.se._. ~ that the                           .,:~:.~’~4_:::~ .....trace minera! ob{ectives~ that

i$ are ~-:=t=d in the U.C. cu~;--]-.:~,:~-- for "<ater cua!it¥ :--~ ;;

21 ~.:ater.

This, a~-~_n, __ .-=_ _~o_._~. necessary because

23 there i " a lot of boron in this west side leach water and

24 bec~.us~ thi~c= th=_t .~nen _-.nay decide to do_~i~o.~ spreading

25 sewage sludge on farmlands could cause drastic changes in

26    them,,.,=~4 .... _=~_ content of some of the ions listed in those
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140~..-.

!i ."[ ] Q.    in ot~e~ w~r~s, Phase II o~ the ~ntity

~
2 criteria on Page 5 relates to tln~t perio5 from and after

3 the ~ate thet New "-fortes project ~s como!eted?

5 Q.    Whereas in =~ne cuaiitv, criteria"     _You have both

6 Phase II and !!f, Phase II taking uo to the date -- from

7 the " ~ . _ ¯Ga~e the project is completed until !t’= operational,

~ and Phase iii is a~ter it’s operational; is that correct?

9 A.    Yes. !n terms of quantity, we haven’t distinquish~ d

I0 between the filling period at New He!ones and the subsequent

]1 period in terms of cua!itv.

12 Q.    Now, in response to Hr. Ca~pes’ question, ! call

13 to your attention the definitions~:nlcn .... co~:ence on

Section Roman Numeral ii, Pa~e. 9, and run to Pa~e_ 12,

!5 and_~ "¢~n~~,_~,~ :.~ if you would ccnument on the water year defini-

]6 tions and a]=__~. .... the ~.:ater year definitions and the

]7 unimzaired runoff deflnition~, and then :" - :=f’nit"

]~ whi’-" ~ ~ ~.hases which are all ......~n tri:ge~ ~hese " " _ set

19 four paqes.

l0 A .... As ~,,- <,=.~o~ ln~.s, shown, tlne ~,-~r-:--.-:~_.~ ....., sourc~ of our

2! ,.cater .=till is ant ,.=~ con ...... ’ .... "     of the

............. _ ............... e~" he natural flows or

24 And a water year cias~fic=_tion that 4cno-es the

25 hydrology of the San Joamuin River system seems to us

26 inam-_,roDriate for applications of the Southern Delta.
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Abstract

The objectives of this study are to:
¯Develop reliable entrainment estimates for various fish species and life stages to Delta

agricultural diversions during the irrigation, season.
Describe the of various fish to the diversions relative to their abundancesusceptibility species¯

and life stages in adjacent channels.

This pilot study focused on refining sampling techniques and assessing the suitability of four
| diversion sites. The McDonald Tract site was included to test the effectiveness of a fish screen

ihstalled on that intake. Sampling was conducted in diversions and adjacent channels from April
through October 1992 for eggs and larvae, with some sampling for juveniles and older fish.
Density and entrainment .were estimated for eggs and la.rvae, and e£timates of juvenile and older
fish entrained were extrapolated where possible. The Wilcoxon signed-ranks test was used tol diversion and channel densities of and larvae by at diversion sites and forcompare eggs species
the fish screen test.

Results indicate vulnerability of eggs and larval fish to entrainment tends to vary between
species and appears to depend on seasonal occurrence, abundance, and distribution of a species
in the adjacent Delta channel and on .operations of the diversion. Larval threadfin shad at

.1 McDonald Tract were more susceptible to entrainment than channel density indicated. Density
~.~ .... in the diversions was significantly (P<0.01) higher than in the channel. Larvae of threadfin shad
¯ (other sites), centrarchids, cyprinids, and logperch were as susceptible to entrainment as channel

density (2 sites) and (all sites) density was notindicated.Threadfinshad centrarchid diversion
significantly different from channel densities, and no difference was found for cyprinids and

! logperch at Bacon Island. Chameleon goby, striped bass, and prickly sculpin larvae were less
vulnerable to diversions than channel density indicated. Diversion density was significantly
(P<0.01) lower than channel density for these species at Bacon Island and for chameleon goby

i at other sites. Chameleon goby, threadfin shad, and centrarchids were the most abundant larval
species entrained by the diversions.

Fish screen test results indicated no significant difference between unscreened and screened
density eggs. Density of larval goby wasof threadfinshad threadfinshadand chameleon
significantly lower with screens (P<0.01) than without (P<0.05); the same was true for
centrarchids (P<0.05). The screen was effective in reducing entrainment of larvae 4-5 mm TL and
larger.

iii
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i Introduction

The peak agricultural diversion season in the Sacra-Fish and Game Code. These sections cover screen-
~ mento-San Joaquin Delta is April through August.ing requirements for diversions over 250 cfs

This coincides with months whennumbers of (Section 5980), diversions. 250 cfs or less (Sectionlarge
young Chinook salmon1, striped bass, American6020), and n6w diversions installed since January 1,
shad, delta smelt, and other fish species are present1972 (Section 6100). In addition, National Marine

-1 in the system. Entrainment to agricultural diver-Fisheries Service is considering proposing regula-
.!-- sions may be a substantial source of mortality fortions that would establish screening requirements

¯early life stages of some Delta fish species., for water diversions from the Sacramento Riverand

i.]
Delta to protect threatened winter-run Chinook

.Little is known about the extent of entrainment tosalmons.
agricultural diversions or the factors affecting

~ losses. Brown2 estimated striped bass losses to beThe Delta Agr’icul,tural Diversion Evaluation
" several hundred million for fish less than 16 mmis designed to estimate fish entrainment at repre-

SL3. Chinook salmon losses were estimated to be asentative agricultural diversions. The objective is to
few hundred thousand. Based on a limited study ondevelop reliable entrainment estimates of various
Sherman Island adjacent to the San Joaquin River,fish species and life stages to agricultural diversions
Allen4 reported that concentrations of striped bassduring the irrigation season, and to describe their

~! eggs and young from the diversions were statisti-susceptibility to these diversions, relative to their
cally identical to those in the adjacent river cl~nnelabundance and life stages in adjacent channels. The
(up to 5.8 eggs/cubic meter and 2 fish/cubic meterknowledge gained from the study will be used to

I of water). Although there was no significant differ-design and evaluate mitigation proposals to reduce

~.~.
ence between the daily mean length of young col-entrainment, such as consolidating or screening ag-
lected in the river (3-34 mm SL) and those divertedricultural diversions and modifying water use pat-.
(4-16 mm SL), bass between 17 and 34 mm wereterns on Delta islands.
taken only in the river. Allen indicated the most
plausible explanation was that larger young bassAs the first year of a 3-year study, 1992 focused on
swim well enough to avoid the influence of operat-refining sampling techniques and assessing the
ing siphons, suitability of the selected sites to meet the study

objective. Parts of this study were mandated by the
Due to concerns about water diversions and ira-U.S. Army Corps of En~gineers permit for the Tem-
pacts on fishery resources, fish screening require-porary Barriers ProjectUin the southem Delta and

- merits are covered in three sections of the Californiaby the Delta Smelt Study Plan7.

Scientific names of fish that may be mentioned in this and other Inferagency Program reports are printed inside
the back cover.
R.I_ Brown. Screening Agricultural ~’versior~s in the Sacramento-San Joaquin Delta. Department of Wafer
Resources, Infernal Repod. 1982, 42 pp.
Definitions of abbreviations commonly used in Inferagency Program reports are printed inside the back cover,
D.H. AJlen. Loss of Striped Bass Eggs and Young through Small, Agricultural Diversions in the Sacramento-San
3oaquin Delta. Department of F~sh and Game, Anadromous Fisheries Branch, Administrative Report 75-3. 1975,
Federal Register, Vol. 28, No. 199, issued October 18, 1993.
Permit 199101051, effective March 30, 1992.
D.A. Sweefnam and D.E. Stevens. Delta Smelt Study Plan. Department of Fish and Game, October 1991.46 pp.
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.̄.._.l Study Area

In March 1992, four sites were selected in the central¯ Diversion equipment, operation, and volume
and southern Delta as representative agriculturalrepresentative of southem Delta agricultural
diversions (Figure 1). In compliance with the Tern-diversions.
porar~ Barriers Project permit, two agricultural di-¯ Availability of channel fishery data.
version study sites (2 and 4) were selected based on¯ Feasibility of diversion for remedial action, if
the following criteria: warranted by study.

- ¯ Location south and west of the San Joaquin River.One site (Site 2) was in the central Delta on the eastt ¯ Right-of way-clearance, side of Bacon Island, adjacent to Middle River. The
¯ Landside sampling accessibility, other (Site. 4) was in the southern Delta south of

Fabian Tract and Old River within Naglee Burk
Irrigation District.

933

~ 93
~ DIVERSION SITE

~ 4

~ CHANNEL SITE

SACRAMENI"O - SAN JOAOU~N DFL’I’A

DIVERSIONS AND ADJACENT CHANNEL SITES SAMPLED
Delta Agricultural Diversion Evoluation, 1992 Pilot Study
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Two additional sites were selected based on thewas diverted from Sevenmile Slough by an 18-inch
~ ....... same general criteria. At least one site was to besiphon into a concrete box that emptied into a small:.

adjacent to a known area of delta smelt abundance,pond. One irrigation ditch carried water south and
The diversion site on Twitchell Island (Site 1) wasa second to the east. The diversion rate varied de-
near an area of the San Joaquin River where deltapending on agricultural needs and was not ¢ontinu-
smelt have been abundant in past years. The De-ous for the t, eason. Since this was an alternative site,
part:ment o.f Water Resources owns the property atno flowmeter was installe.d on the siphon.
this site, thus providing access. The site on McDon-
ald Tract (Site 3) was chosen because the land-
owners had installed an experimental fish screen forBacon Island
testing.

Located on the eastern side of Bacon Island, this site
In the Delta, two general types of agricultural diver-was on an outside bend of Middle River. Two si-
sions are used, siphons or pumps, depending on thephons diverted water into a common dirt ditch. One
elevation of the land under irrigation. Siphons aresiphon was 14 inches in diameter and the other was
common on Delta islands and low lying adjoining16 inches. These siphons provided agricultural
tracts. Pumps are more common in outlying areaswater for land under cultivation for corn and pota-
with higher land surface elevations. Siphons aretoes.
usually 10-18 inches in diameter (range: 6-66
inches), and pump intakes are 6-16 inches in diame-At least one siphon, usually the larger one, diverted
ter (range: 6-54 inches)8. Intakes are unscreened and24 hours a day during the April-through-September
draw water from 2 to 3 feet above the channelirrigation season. The smaUer siphon diverted early
bottom, but position may vary due to changingin the season, when more water was needed, or
bottom conditions or other causes. Diversions arewhen the larger siphon needed repairs. The diver-

, ..... usually not metered, so exact volumes diverted aresion rate varied depending on ~gricultural needs
~,... unknown. Water is siphoned or pumped from thebut was continuous for the season. Propeller flow-

channel, applied to fields by a system of ditches, andmeters9 with flow indicator (cfs) and totalizer (acre-
then pumped back into the channel. Operationsfeet) were installed on both siphons on May 4,199Z
vary with the type of crop under cultivation, which
may change seasonally or yearly.

McDonald Tract.

Twitchell Island Site 3 was on the southeastern side of McDonald
Tract adjacent to Turner Cut. Water was diverted

Site I was on the southern edge of Twitchell Islandthrough a 12-inch-diameter siphon into a dirt ditch.
adjacent to the San Joaquin River and an area ofA flowmeter10 with flow indicator (gpm) and total-
known delta smelt abundance. Water was divertedizer (gallons) was installed on the discharge line on
at this site by a 16-inch-diameter siphon. This siteMay 7, 1992. No agricultural diversions were
could not be sampled in 1992 because no irrigationneeded during the study period, so water was di-.
water was needed except for a 2-week period inverted only during sampling. This site wasnot typi-

:" August, during which time the site was inaccessiblecal of normal irrigation practices.
: due to major levee repairs in the area.

This siphon was included in the study to test the
An alternative site on the ~qorthern side of the islandeffectiveness of an experimental fish screen in-
was selected when it became obvious problemsstalled on the intake for the Central Delta Water
would hinder sampling at Site 1. At this site, waterAgency Fish Screen Test Project. Two cylindrical

~’-: 8 Deparfment of Water Resources. unpublished data. :
\ 9 Ketema McCrometer Model M0300, .

]0 Ketema McCromefer Model M0300.. "’
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l fish screensII were installed on a hinged pipe teeThehingedteewasamodificationoftheswiveljoint
.. (Figure 2). used by the screen manufacturer (Figure 3). The

<’ screen was made of stainless steel mesh with 2.3-
J mm diagonal openings.

Hand Winch

IN-USE Relurn line

~1

POSITION Irom p~mD dischztge

Swivel
jolnl~

BE~EEN-USE Backwash I~nos

~ Platform
tO

ofl canal ~ttgm

~ LAKOS-P~M CREEK

SCRE~~

~
MA,NTENANCE

POSITION

ĀPPLICATION: Sl~w Moving Irr~gal

Figure 2
~KO~PLUM CREEK SELF-CLEANING- PUMP INTAKE SCREEN IN~ALLED ON MCDONALD TRACT

Deffo Agriculturol Diversion Evolution, 1~2 Pilot Study

11 Lakos-Rum Creek type.
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SIDE VIEW

Figure 3
MODIFIED SWIVEL JOINT INSTALLED ON THE LAKOS-PLUM CREEK INTAKE SCREEN ON MCDONALD TRACT

Delta Agricultural Diversion Evaluation, 1992 Pilot Study

Nag, lee Burk The irrigation period for this diversion was about
mid-April through mid-November. The diversion

Site 4 was on an outside bend of Old River upstreamrate varied between 15 and 20 cfs, depending on
of the temporary barrier site near Tracy Pumpingagricultural needs. Water diversion was not con-
Plant. At this site, water was diverted by a pumptinuous at this site, and the pump was completely
with a 12-inch-diameter intake into a 20-inch-all-shut down for periods of 7 to 10 days or longer.
ameter discl~arge pipe and into a concrete box thatWater was primarily released into the south ditch,
allowed .water to be released to the south or east.but occasional releases were also made to the east
The main irrigation ditch was concrete lined andditch. A propeller flowmeter12 with flow indicator
carried water southwesterly to. agricultural fields(cfs) and totalizer (acre-feet) was installed on the
under cultivation for alfalfa and com. A smaller,discharge line on September 4, 1992. Installation
secondary concrete ditch, carried water to the north-was delayed due to coordination difficulties be-
east, along the toe of the levee, to an area undertween the ditch tender and the company contracted
cultivation for sugar beets, to install the meter.

12 Ketema McCrometer Model M0300. ,.,      ..
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Methods

The pilot study focused on two general life stagesthrough the net and subsequently compute the

~ 1 of fish: eggs/larvae and juveniles/older fish. Sam-cubic meters of water sampled. When available,
piing for these life stages was conducted at theflowmeter readings from the diversion pipe were
diversion and in the adjacent channel. Most of therecorded with each sample as flow and total volume
1992sarnplingeffortfocusedoneggsandlai’vaeduediverted. Water temperature (degrees Fahreb.heit)
to delays in obtaining sampling gear for larger fish.and surface specific- conductance (gS/cm) were

measured at each site.
- ~ Sampling was conducted from April through Octo-

¯ I bet, depending on location and type of samplingEgg and larval data from channels adjacent to the
(Table 1). Generally, two or three samples wereagricultural diversion sites were collected at sta-
collected each week at each site if the site wastions 93 (Naglee Burk), 932 (Bacon Island), 933~ (McDonald Tract), and 934 (Twitchell Island) (Fig-diverting.

ure 1). Station 93 was part of the South Delta Egg
and Larval Study and was 2.5 miles downstream of

j Eggs and Larvae the Naglee Burk diversion. The station was movedSampling
¯ downstream of the temporary barrier on Old River

Egg and larval samples were collected in the irriga-near Tracy on April 28, when the original site be-
.~. tion ditches using a 0.5-meter-diameter, conicalcame inaccessible due to closure of the barrier. Sta-

plankton net, 8 feet long, made of 505-micror~ meshtions 932-934 were added to the egg and larval
Nitexnetting. A quart plasticcollectingjar, screenedsurvey for this study.

I with 470-micron mesh bolting cloth, was attached
,~,.. ...... at the cod end to collect samples. Each net wasSampling at station 93 began February 20 and ended

fished with a bridle and line from a catwalk span-July 15, 1992. Stations 932-934 were sampled from.
ning the ditch. A digital flowmeter!3, mounted inearly-April to late September (Table 1). Samples
the mouth of the net, was used to measure flowwere taken at each station every 4 days until April 4

Table 1
SUMMARY OF

SITE CHARACTERISTICS. PERIOD OF SAMPEING, AND TYPE OF SAMPUNG
Delta Agricultural Diversion Evaluation, 1992 Pilot Study

Site Diversion Sarnplin.q Pedod
No. Location Type Size Operation Diversion Channel

1 Twitchell Island~ 18" Intermittent EL: Jun 24-Sep 22 Apr 14-Sep 23Siphon
JUV: Jul 9; Sep 21- 22; Oct 7, 9 Jul 21-Sep 8

2 Bacon Island Siphon 16"114" Continuous EL: Apr 22-Oct 23 Apr 6-Sep 23
JUV: Jun 29-Oct 23 Jul 21-Sep 8

3 McDonald Tract Siphon 12" Intermittent EL: May 6-Aug 19 Apr 6-Sep 23
JUV: Jun 30; Jul 6-9; Aug 19 Jul 21-Sep 8

4 Naglee Burk Pump 20’; 30 hp Intermittent EL: May 6-Oct 2 Feb 20-Ju115
JUV: Aug 5-Oct 2 Jul 21-Sep 6

I ~erna.tive site Sevenmileon Slough
EL ,,, Eggs and La.wae; JUV ¯ Juvenile and Older Gsh

13 General Oceanics Model 2030.
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and then every other day until July 15. After July 15,Juvenile samples were generally collected using a
stations 932-934 were sampled at least once a weeklxl-meter net, 16 feet long, made of 1/8-inch Delta-
until late September. type mesh with 10-foot wings attached. The nets

were set in the irrigation channels and fished 100%
Channel samples were cbllected by malting a singleof the flow at Naglee Burk and about 90-95% of the
10-minute oblique tow, regardless of tidal stag~, atflow at Bacon Island. Three sizes of liveboxes were
each station using an egg and larval net mounted onused throughout the season to determine the best
a towing frame with skis.14 Sampling methods aresize for future sampling. Two of the live boxes were
essentially identical to those used by the Depart-large versions of cod-end jars and were .4.5 inches
ment of Fish and Game in its Delta-wide stripedand 6.625 inches in diameter with 1000-micron
bass egg and larval sampling program, mesh Nitex netting. The third box was 2x2x4 feet

and made o~: 1/8-inch mesh netting with a 1-inch
At the end of each channel tow or ditch sample,PVC pipe frame. ,
contents of the net were rinsed into a collecting jar,
and the samples were preserved in 5% formalin.Two other sampling.methods were also tested. A
Rose bengal dye was added to make the eggs and1.4xl-meter net, 18-1/2 feet long, of 1/8-inch Delta-
larvae more visible, type mesh on a stainless steel frame was used to

sample the siphon outfall directly at Bacon Island.
The Department of Water Resources contracted theAlso, DFG tested electrofishing with a backpack
egg and larval laboratory work to consultant Dr.shocker at both sites, in conjunction with the chan-
Johnson Wang, National Environmental Sciences,.nel nets.
Inc. In.the lab, samples were rinsed thoroughly with
water through a No. 50 sieve (300-micron mesh) toAll fish caught were identified to species, enurner-
remove formalin, excess dye, and algae. Each sam-ated, and measured to the nearest millimeter total
pie was sorted under a magnifying illuminator, andlength or fork length, depending on the species. If
all eggs and larvae were removed and counted,identification was not possible, the fish were re-
Eggs wereidentified to species, where possible, andturned to the lab for positive identification. The
counted; striped bass eggs were further classified asvolume of water sampled was determined from the
dead, moruta, early embryo, or late embryo. Fishflowmetets installed on the diversion outfall.
larvae were classified to species, and in some cases
only to genus or family. Larvae were measured toA tow-net was obtained from DFG on June 20 to
the nearest millimeter total length¯ sample juveniles in adjacent channels. Tow-ne~

methods were essentially the same as those used by
DFG in the Delta-wide tow-net survey. Sampling

Sampling Juveniles and Older Fish         did not begin until July 21 due to modifications
required for this gear on the sampling boat. Tow-net

Juvenile sampling began June 29, 1992. Samplingsampling was conducted at stations 932-934
was delayed because the nets ordered in March didthrough September 8 about once or twice a week
not arrive until late June. Some extended samplingThe Naglee Burk site was inaccessible to the sam-
was conducted during daylight and evening hourspling boat due to the temporary barrier at Old River
to provide information regarding tidal effects andnear Tracy. However, DFG sampled monthly at a
nighttime activity, nearby site by hoop-netting and electrofishing.

14 S.A. Spaar. 1992 En#ainrnen t of Striped Bass Eggs and Larvae to the State W~er Project and Centra/Valley
Project Intakes in the Sacramento-San Joaquin Delta. Department of Water Resources Memorc~dum, May 28,
1990.
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.1 Data Analysis period. Diversions at each site were multiplied by
..... the appropriate density of eggs and larvae or num-
i~ Sampling data were analyzed to determine suscep-bers of fish to estimate entrainment.

] tibility of fish species and life stages to the agricul-
tural diversions.through the coordination ofThe Wilcoxon signed-ranks test was used to analyze

¯ ] diversion studies with sampling in adjacent chan-and compare diversion and channel densities of
nels from which water was diverted, eggs and larvae by species at each diversion site

except Twitchell Island.is Paired samples of diver- "
Densities (organLsms per cubic meter) were esti-sion and channel densities for the same date were
mated for all eggs and larvae for each sample sitetested. If no channel data were available for a given
by sample day. Estimates of the number ofeggs anddiversion sample date, channel densities for each

" 1 larvae entrained by the agricultural diversions werespecies were estimated as the mean of densities on
derived from the landside density estimates of eggsthe date preceding and following the diversion

, and larvae at the sample sites. Estimates of thesample date (only ,if within 1-2 days). Simil~ly,
number of juvenile and older fish entrained werepaired samples of eggs and larvae under screened

t extrapolated from the landside numbers of fish cap- wereandunscreenedconditionsat McDonaldTract
tured per volume of water diverted over the sample tested.

=1

15 R.R. Sokal and F.J. Rohlf. Biometry. W.H. Freeman and Company. New York. 1981. 859 pp.
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Results

The pilot study results are separated into three areas:chameleon goby, threadfin shad, and centrarchids.

-’1 eggs and larvae, juvenile and oldei" fish, andLarvae of prickly sculpin, striped bass, bigscale
J̄ McDonald Tract fish screen test. Results includelogperch, cyprinids, and delta smelt were found in

species occurrence, species distribution and abun-the channel but not in the diversion. In contrast,
¯ - ~ dance, entrainment estimates where possible, andthreadfin shad eggs and mosquitofish young were

size distribution of the catch, found only in the diversion.

Similarly, of the eleven species found in Old River
Eggs and Larvae Naglee only actually nearthe Burksite, five-were

collected from the diversion: - chameleon goby,
Resdlts from sampling in the diversions and adja-threadfin shad, centrarchids, bigscale logperch, and

~ cent Delta channels indicateand larval fish arecyprinids. Eggs of striped bass, prickly sculpin, andeggs
susceptible to entrainment into agricultural diver-cyprinlds were collected in the channel but not in
sions. The degree of vulnerability to entrainmentthe diversion, as were larval striped bass, prickly
tendstovarybetweenspecies. Entrainment appearssculpin, inland silverside, splittail, mosquitofish

¯ to depend largely on seasonal occurrence, abun-(juveniles), and ictalurids. In contrast, threadfin shad
dance, and distribution of a species in the adjacenteggs and Sacramento sucker larvae were found in

~] cl’~nnel and operations of the diversion, the diversion but not nearby in Old River.

Species Occurrence Species Distribution and .~bundance

Larval species collected from the agricultural diver-Overall, several species were very abundant in the
sions appear to be a subset of the species present inchannel and diversion collections (Tables 2 and 3).
the adjacent channels (Table 2). This does not applyChameleon goby and threadfin shad were very
to results from Twitchell Island where the channelabundant in both channel and diversion samples.
sampling was not adjacent to the alternative diver-Striped bass were also a very abundant channel
sion sampled. The species represented in the chan-species at Twitchell Island and prickly sculpin in
nel catch atTwitchell Island are indicative of speciesOld River near the Naglee-Burk site¯ At all sites,
potentially diverted if samples could have beenprickly sculpinweremoderate to highly abundant
obtained atSite 1. Among thesespecies werestripedin channel samples but not in diversion samples.
bass (eggs and larvae), delta smelt, and splittail.

A comparison of di~,ersion and channel results
At Bacon of the nine could be made for Twitchell Island.Island,most speciescollected not However,
in the adjacent channel of Middle River were alsochannel results indicate chameleon goby larvae and
collected on land (Table 2). Exceptions were deltastriped bass eggs and larvae were very abundant in
smelt and Sacramento sucker. In addition, Ameri-the San Joaquin River adjacent to the diversion site
can shad larvae were collected from the diversion(Figures 4 and 5; Appendix C). Both eggs and larvae
but not the channel. No eggs of any species were(primarily 3-6 ram) of striped bass were abundant
collected in Middle River or in the diversion, when sampling began in mid-April. Eggs were

abundant through mid-May and larvae into early
At both the McDonald Tract and Naglee Burk sites,June. Delta smelt, prickly sculpin, and b~gscale log-
the occurrence of species in the diversion was aperch larvae were collected from mid-April into May
smaller subset of those found in the channel. At(Figure 4). Threadfin shad and chameleon goby
McDonald Tract, of eight larval species collected inwere collected from April through August. Splittail
Turner Cut, only three were found in the diversion:were noted in mid-April only (Appendix C).

C--115628
C-115628



Table 2
SPECIES CATCH SUMMARY OF FISH EGGS AND LARVAE COLLECTED

Delta Agricuffural Diverslon Evaluation, 1992 Pilot Study
(Blank spaces indicate zero catch.)

Numl~ C~h~
Diversion Sites| Channel Sites

1 2 3 4 934 932 933 93
Twitchell E~con k/,c Dona,kJ N~lee Twltchell Bacon McDon~d Naglee

Speck=.s Island Island Tr~’t Burk Island Island ¯ Try-’1 Burk

Chameleon goby 193 1865 130 5647 6491 20621 5299
Tht ~=:lf~n sh~ 8 90 1826 303 738 810 1744 1008
Pt~cldy sculpin 8 413 748 530 2322
Striped bass 24 2956 326 37 25
Cen~a/chids 10 3 9 19 10 18 21 36
BigscaJe Iogpetch 6 1 17 30 73 52
Inland silverside 3 21
Am ~’k:an sh~d 4
C’ypdn~ds 2 1 29 7 8 5
Delta smelt 19 7 3
S~ramento splittaJl 1 3
Sacramento sucker 1 2
Mosquitofish 3 2
Ict~urids

Total Larvae 21 330 3703 455 9834 8439 23037 8774
Eggs:

Striped bass 689
Striped bass (dead) 2¯
Threadfin shad 18 2
PricYJy sculpin 26
Cypdnid I

Total Eggs 0 0 10 2 689 0 0 29

1 Si~e 1 ~ernative site sampled was a siphon diversion on Sevenmite Slough.

Table 3
TOTAL CATCH DENSITY OF FiSH EGGS AND LARVAE COLLECTED

Delta Agricultural Diversion Evaluation, 1992 Pilot Study
(Blank spaces indicate zero catch.)

Numbe~ p~t Cubic MeterI
Drversion S~es~                                        Channel Sites

1 2 3 4 934 932 933 93
Twitchell B~con McDonaJd Naglee Twitchell Bacon McDonald Naglee

Species Island Island Tract Burk Island Island Tract Burk

La,"we:
Chameleon goby 19.95 35.19 4.07 5525 50.30 203.62 34.83
Threadfln sh~d 1.13 1226 42.17 10.12 6.17 5.96 15.19 6.16
P ricldy sculpin 0.15 6.82 4.79 5.00 10.50
Striped bass 1.35 7728 4.47 0.47 0.16
Centr~chids 1.19 224 0.17 0.90 0.11 0.13 0.19 021
B~gscaJe Iogperch 027 0.09 0.21 0.34 0.57 027
In~’~d silverside 5,70 0.10 ¯

Cyp~inids 0.14 022 0.68 0,10 0.19 0.02
De~ smelt 0.34 0.10 0.05¯
Sacramento sp~aJl 0.03 0.02
Sacramento sucker 0.58 0.05
Mosquitofish 0.05 0.01
IctaJurids 0.01
Yellow~n goby                                                            0.14

Eggs:
Striped bass 12.71
Threadfin sh~d 0.11 0.60

~ Prickly sculpin 0.10
Cyprinid 0.01

l Number of .S,,:?mples 7 69 30 30 44 52 52 46

1 Dense/+ 1233.49 acre-feet = number per acre-loot.      .
2 Site 1 a~etn~tive site sampled was a siphon diversion on Sevenmile Slough.                                                             . ...
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Figure 4 (continued)
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At the Bacon Island site, several larval species oc-the diversion season but were not collected from the
curred in Middle River and in the diversion overdiversion. No longfi.n smelt or splittaLl were col-
similar periods during the diversion season: thread-lected at either location (Tables 2 and 3).
fin shad, chameleon goby, cyprinids, logperch, and
striped bass (Figures 6 and 7). Prickly sculpin wereDensities of chameleon goby, prickly sculpin, and
present in the channel before the diversion seasonstriped bass larvae were significantly higher
and about a month later than in the diversion itself’(P<0.01) in samples taken in Middle River corn-
(Appendixes B and C). Delta smelt and Sacramentopared to those taken in the diversion (Table 4). In
sucker occurred in Middle River before and duringcontrast, no difference was found in the de_nLsities for

BACON ISLAND

~ THREADFIN SHAD ,i                     [ PRICKLY SCULPIN i

5                                                    ,,,

0.2

0

1992 1992

CHAMELEON GOBY / t, STRIPED BASS i
7.20~ 7.2113 6.3203 I 05380 0.5487

1992 1992

[ O DIVERSION II CHANNELI [ I~ DIVERSION == CHANNELI

Figure 6
ESTIMATED DENSITY OF LARVAE IN MIDDLE RIVER

(+ ¯ AND AT BACON ISLAND DIVERSION SITE
~-.+ Delta Agricultural.Diversion Evaluation, 1992 Pilot Study
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threadFm shad, centrarcl-6ds, cyprh-fids, and log-(Table 4). Larvae (3-20 ram) occurred from AprLl
perch between Middle River and the diversion,into June in both the channel and diversion. Larvae

in the 3-6 mm and 7-10 mm sLz~ groups occurred
Acomparisonofstripedbasscahannelanddiversionmuch less frequently in the diversion than in the
densities indicates the occurrence of striped basschannel, but densities appear to be of sh’nilar mag-
larvae in the Bacon Island diversion was sporadicnitude on days when they were collected in both
when compared with theh" occurrence in Middleareas. No 11-14 .ram (and up to 20 mm) larvae were
River (Figure 7). Channel densities were signifi-collected in the diversion, but they were collected
cantly greater (P<0.01) than diversion densitiesfrom the channel.

1~,, BACON ISLAND
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0.15
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;o.=,
~
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Figure 6 (continued)
ESTIMATED DENSITY OF LARVAE IN MIDDLE RIVER

AND AT BACON ISLAND DIVERSION SITE
De[to Agriculturol Diversion Evoluofion, 1992 Pilot Study
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Figure 7
ESTIMATED DENSITY OF STRIPED BASS LARVAE IN MIDDLE RIVER

AND AT BACON ISLAND DIVERSION SITE
Delto Agriculturol Diversion Evolution, 1992 Pilot Study
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, Table 4
t PAIRED COMPARISONS OF
1 EGG AND LARVAL DENSITY IN AGRICULTURAL DIVERSIONS AND ADJACENT DELTA CHANNELS

Delta Agricultural Diversion Evaluation, 1992 Pilot Study
"1 Values shownare the significance levels from the W~lcoxon Signed-Ranks Tes~ "

] Asterisks denote significance (P<O.05*, P<O.01
Blank spaces indicate either zero catch during paired sampling or

an i~ufficient number of paired samples (n<6) to test with no~zero differences.

Species Bacon Island McDonald Tract Naglee Burk Screen Test

Lawae:
Chameleon goby 0.000’* 0.001 *° 0.031" 0.027"
Threadfin shad 0.053 0.003" 0.170 0.000"°

Prickly sculpin "0.004""

Yl~
Striped bass 0.004°*

- ¯ Centrarchids 1.000 0.477 0". 142 0.036’
Bigscale logperch 0.760
Cyprinids 0.933l

Eggs:
Threadfin shad 0.208

-," I Abundance and distribution of larval fish in thedirectly adjacent to the diversion pump, whichmay
~:.[..~ McDonald Tract diversion in comparison to theaccount for some catch differences.

adjacent channel (Turner Cut) also appear to vary
for some species. Threadfin shad densities wereDuring the diversion season, threadfin shad, cha-’.

¯ significantly higher (P<0.01) in the diversion thanmeleon goby, and centrarchids occurred over a
the charmel (Figure 8; Table 4). In contrast, chame-similar period (May-July) in Old River and in the

j leon goby were significantly more abundantdiversion (Figure 10). There was no significant dif-

... (P<0.01) in the channel than in the diversion. Thereference between either threadfin shad or centrar-
was no significant difference in centrarchid densitychid densitites in the diversion .compared with

¯ between these two areas (Table 4). The remainingthose in the adjacent ch.aru~el (Table 4). ChameleonJ larval species collected in Tumer Cut were not col-goby densities were significantly higher (P<0.05) in
lected in the diversion: prickly sculpin, delta smelt,the channel than in the diversion. Prickly sculpin,
cyprinids, log-perch, and striped bass (Tables 2 andspl.it tail, inland silverside, and striped bass occurred
3; 8 and in Old River before and the diversionFigures 9). during season

but were not collected from the diversion (Figures
At the Naglee Burk site, all species ekcept centrar-10 and 11). No delta smelt or longfin smelt were

J chids were present in Old River before the diversioncollected at either location. One larval Sacramento
season. Channel sampling was from February tosuckerwascollectedfromthediversioninearlyJuly
July, and landside sampling was from May to Sep-(Table 2).
te.mber. The channel site was downstream and not
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Figure 8
ESTIMATED DENSITY OF LARVAE IN TURNER CUT

AND AT MCDONALD TRACT DIVERSION SITE
Delta Agricultural Diversion Evaluation, 1992 Pilot Study
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Figure 8 (continued)
ESTIMATED DENSITY OF LARVAE IN TURNER CUT
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Figure 9
ESTIMATED DENSITY OF STRIPED BASS LARVAE IN TURNER CUT

AND AT MCDONALD TRACT DIVERSION SITE
Delta Agricultural Diversion Evaluation, 1992 Pilot Study
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Figure 10 (continued)
ESTIMATED DENSITY OF LARVAE IN OLD RIVER

AND AT NAGLEE BURK DIVERSION SITE
Delta Agricultural Diversion Evaluation, 1992 Pilot Study
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Estimated Entraimnent striped bass, delta smelt, longfi.n smelt, or splittail
were estimated to have been entrained.

Entrainment of eggs and larvae was estimated for
Bacon Island, McDonald Tract, and Naglee BurkAt theNagleeBurksite, total entrainment was high-
(’E.able 5; Appendix D). Entrainment was not esti-est for thread.fin shad (917,885 larvae) and chame-
mated for the alternat-ive Twitchell Island site be-leon goby (385,046 larvae) (Table 5). The bulk of the
cause diversion rates were not available, entrainment occurred in May through mid-June

(Appendix D). No striped bass, delta smelt, Iongfin
Total entrainment of larvae at Bacon Island wassmelt, orsplittailwereestimatedtobeentrained.No
highest for threadfin shad (696,278 larvae), charne-eggs or larvae of any species were entrained after
leon goby (635,606 larvae), and striped bass (197,487August 19.
larvae) (Table 5). Threadfin shad were entrained
from mid-May to early September, with highest
losses in early August (Appendix D). EntrainmentSize Distribution of Larvae.
of chameleon goby stretched from late April to
mid-September, with the bulk of the losses .in MayLength-frequency distributions of all larval species
and June. Striped bass were entrained from the startcombined were examined at all sites. Size distribu-
of diversion in mid-April until early June. No deltations for all channel sites were similar, reflecting the
smelt, longfin smelt, or splittail were estimated tocatch curve of the egg and larval net (Figure 12).
be entrained.

Characteristics of the channel length-frequency dis-
At McDonald Tract, total entrainment was highesttributions were:
for threadfin shad (639 eggs; 11,147 larvae) and
chameleon goby (9,073 larvae) (Table 5). Most en-¯ Size Range: 2-16 mm TL, with very few greater
trainment occurred from mid-May through mid-than 16mmTL.
July (Appendix D). An estimated 40 centrarchid¯ Peak Distribution: 3-6 mm TL.
larvae were entrained in June and early July. No

Table 5
SUMMARY OF

ESTIMATED ENTRAINMENT OF EGGS AND LARVAL FISH, BY SPECIES, FOR THE
BACON ISLAND, MCDONALD TRACT, AND NAGLEE BURK SITES

Delta Agricultural Diversion Evaluation, 1992 Pilot Study

Number of Fish Entrained
Species Bacon Island McDonald Tract Naqlee Burk

Chameleon goby 635,606 9,073 385,046
Th readfin shad 696,278 11.14 7 917,885
Prickly sculpin 9,893 0 0
Striped bass 197,487 0 0
Centrarchids 45,141 40 52,790
E~igscale Iogperch 59,052 0 11,992
Inland silverside 0 0 0
American shad 524 0 0
Cyprinids 37,552 0 27.649
Delta smelt 0 0 0
Sacramento splittail 0 0 0
Sacramento sucker 0 0 24,288
Mosquitolish 0
Miscellaneous eggs 0 639 27,253
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.o

¯ ¯ Chameleon gobydominatedthe2.4mmTL (some¯ Chameleon gobydominatedthe2-4rnmTL (some
,, .... 5 mm TL) catch. 5 mm TL) catch.
:. ° Thread~ shad dominated the 5 mm TL and larger* Threadfin shad dominated the 5 mm TL and larger

¯ .1 catch, catch.
¯Efficiency of the channel gear appears to drop off

- at 10-12 mm TL and above. A comparison of the length-frequency distributionst channel ,diversion at Island,for and catches Bacon
Characteristics of the diversion length-frequencyMcDonald Tract, and Naglee Burk indicate length.
distributions were: distributions were similar for these sites (Figure 12),

varying primarily in magnitude, most likely as a
¯Size Range: 2-16 mm TL, with a few greater thanreflection of the differerices in larval abundance

16 mm TL. between sites. The channel distributions were com-
’] o Peak Distribution: Bacon 4-6 rnm TL; McDonaldposed largely of chameleon goby, threadfin shad,

and Naglee Burk, bimodal distribution, 3-4 mm.and prickly sculpin, whereas prickly sculpin were
TL (mostly chameleon goby) and 6-10 mm TLlacking in all diversions. At Bacon lsland, bothchan’-

7~ (mostly threadfin shad), nel and diversion distributions included a moderate
abundance of striped bass.

] ITWITCHELL ISLANDI IBACON ISLAND I

~-....I ~ ~0 I~ ~

5

0 ~ o ~l,.m _[’t . , ,

~} 2 4 e & 10 ~2 14 ~ I~, 20 2 4 ~ = 10 12 14 ~ll ~I, 20
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=

.1 2 I I 10 " 11 II 11 11 20 2 I I 10 12 14 11 11 20
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I       , i
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Figure 12
LENGTH-FREQUENCYDISTRIBUTION OF ALL 2-20 MM TL FISH FOR ALL DIVERSION AND CHANNEL SITES

Detta Agricultural Diversion Evaluation, 1992 Pilot Study
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Juveniles and Older Fish pendix E). At this site, the diversion ditch dried out
between diversion periods, thus ensuring that fish

Entrainment of juvenile and older fish could not becaught had been recently diverted. From August
estimated for Twitchell Island, Bacon Island, orthrough October, only 24 fish and 5 species were
McDonald Tract. The initial sampling method, usingcaught (Table 6). Entrainment was estimated for the
a winged fyke-type net fished in the diversion chan-following species caught:
nel, proved unreliable for calculating catch per unit
effort and estimating entrainment. Gear was tested Estimated Number
at BaconIsland using a bag-net to cover the mouthSpecies of Fish Entrained
of the siphon and sample the total diversion flow
while the fyke-net was fished. No fish were caught̄  Chameleon goby ... ~....’.555
in the bag-net, but fish were still being caught in theThreadfin shad ..........127
in-channel fyke-net, indicating fish already residingBluegill.. ................ 341
in the diversion ditch were those being caught. Re-Mosquitofi~h ............ 72
suits from additional sampling with the bag-net onlyWhite catfish ............182
for late September through October indicated no
fish were being diverted during the September-Total ................... 1,277
October sampling period (Appendix E).

Chameleon goby and bluegill had the highest esti-
Qualitative results are available for Twitchellmated entrah~nent. In compariso.n, estimated en-
Island, Bacon lslm~d, and McDonald Tract. Sam-trahnment for white catfish ea~d thread.fin shad was
pling with the in-channel net and electrofishing inmoderate.
the diversion ditches indicate a variety of species
were residing at these sites (Table 6). At TwitchellThe length-frequency distributions of juvenile fish
Island, four species were collected: bluegill, thread-varied between sites (Figure 13). The fish collected
fin shad, inland silverside, and golden shiner. Atat Twitchell Island, Bacon Island, and McDonald
Bacon Island, a wider variety of species wereTract were not collected directly as entrained fish
caught, primarily striped bass (juveniles)and cha-and were residing in the diversion ditches. At
meleon goby. A smalimouth bass and a tuleperchTwitchell Island, the fish caught made up two dis-
were also found. On McDonald Tract, only threetinct peaks at 20-30 mm FL and 50-70 mm FL. In
species were collected: mosquitofish, bluegill, andcontrast, most fish collected at Bacon Island were
green sunfish. 50-140 mm FL. McDonald Tract was similar to

Twitchell Island. with most juveniles between 20-50
Entrainment losses were estimated for all juvenilemm FL. Fish entrained at Naglee Burk were be-
and older fish caught at the Naglee Burk site (Ap-tween 20-90 mm FL.
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Table 6
SPECIES CATCH SUMMARY OF

JUVENILE AND OLDER FISH COLLECTED
Delta Agricultural Diversion Evaluation, 1992 Pilot Study

Blank spaces indicate zero catch.
N$ indicates ~e site was not sampled for juver~Te fish.

Number of F’~
Diversion Sites ’ ¯ Chann~! Sites (Tow-Net)

1 2 3 4 934 932 933 93
Twitch~tll Bacon McDonald Naglee Twitchell Bacon McDonald Naglee

Species Island’ Island Tract Burk Island, Island ¯ Tract Bu~
Chameleon goby 81 9 NS
Threadfin shad 21 4 3 1 NS
Prickly sculpin 3 NS
Striped bass 184 3 1 NS
Bluegill 200 1 2 7 NS
Green sunfish 2 NS
Bigscale Iogperch 9 NS
Inland silverside 3 7 1 NS
American shad NS
C~rinids NS
Delta smelt NS
Sacramento splittail NS
Sacramento sucker NS
Mosquito fish 27 2 NS
White catfish 1 3 1 NS
Yellowfin goby 2 1 NS
Smallmouth bass 1 NS
Tule perch 1 NS
Golden shiner 1 NS

Total Fish 225 228 31 24 12 3 0 NS

1 A~etnatNe s~te on Sevenmlle Slough.
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Figure 13
LENGTH-FREQUENCY DISTRIBUTION OF ALL 20-165 MM TL FISH FOR ALL DIVERSION SITES

Delta Agricultural Diversion Evaluation, 1992 Pilot Study
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McDonald Tract Fish Screen Test Test results indicate no signJf-icant d~ference be-
tween the unscreened and screened catch densit~es

Due to unreliable results from the juvenile gear,of tlu’eadfin shad eggs (Table 4). However, screened
] only data obtained from the egg and larval sam-densities were significantlylower than unscreened

pling gear were usable for testing the effectivenessdensities for larval threadKn shad (P<0.01), chame-
’! of the fish screen. Larvae and eggs of threadfin shadleon goby (P<0.05), and centrarchids (P<0.05).

and larvae of chameleon goby were the only speciesResults indicate that at times chameleon goby can
caught under both screened and unscreened condi-be entrained .at moderate to high densities under
tions (Figure 14). Larval centrarchids were caughtscreened conditions. However, these were very

under unscreened conditions, small larvae (34 rnm TL).only

¯ ’, ~,MCDONALD TRACT FISH SCREEN TEST

" ] [THREADFIN SHAD I=GGS t L_THREADFIN SHAD

0.1 4

2

1992 1992

LCHAMELEONGOBY i L CENTRARCHIDS i

1                                                                0.1

o.~

1992 1992

Figure 14
ESIIMA1~D DENSIW OF kARVAE UNDER SCREENED AND UNSCREENED CONDITIONS AT THE

MCDONALD TRACT DIVERSION SITE
Delta Agricultural Diversion Evalu~ion, 1992 Pilot Study
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The size distribution of larvae was compared under
screenk~l and unscreened conditions and with the [~c~OnAka "tRaCT|
channel distribution (Figure 15). The distribution t ALt~c,Es I
for the unscreened diversion is similar to that for the
.channel, except over the 3-6 mm size range. Under ~ _~~
screened conditions, the diversion appears to have
entrained mostly very small larvae. For the most      I ~

hatched chameleon gobies, which could account for
density peaks under screened conditions. Larvae~ ’®

larger than about 5 mm TL diverted by the un-" ~
screened diversion were primarily threadfin shad. o ~ ...... ¯ .
’The screen appears tobecome effective atscreening = , . o ,0 ,2

TOT,~. LE~IGTH

larvae and fish. when they are about 4-5 mm TL. 1"~"~~’~"~ ~

2~

TOTAL LENGTH

0

TOTAL I.E~TH ~1~

Figure 15
LENGTH-FREQUENCY DISTRIBUTION OF

All_ 2-20 MM IL FISH UNDER
SCREENED AND UNSCREENED CONDglONS AT

MCDONAkD TI~CI DIVerSION SITE
Delta Agricultural Diversion Evaluation,

1992 Pilot Nudy
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] Discussion

The degree of vulnerability to entrainment appearschannel samples. Threadfin shad spawn in areas of
to vary with species and life stage. Entrainmentshallow water with vegetation below the surface16,

’1 appears to depend largely on life stage, seasonalso their eggs and larvae are less likely to be collected
occurrence, abundance, and distribution of a spe-by present sampling methods. This type ofhabitat
cies in the adjacent channel and on operations of thewas present at the both the McDonald Tract and"

l diversion (seasonal timing, frequency and duration,Naglee Burk diversions..
and flow and volume). Tidal influence and time
of day (day vs night) could also affect entrainment,No conclusion can be reached on the vulnerability of

i:l
but those factors were not investigated in this pilotstriped bass eggs to agricultural diversions. Striped

¯ study, bass eggs were collected only offTwitchell Island,
:. on the San Joaquin River. No diversion samples

.~..~...~ Results from sampling in the Delta agriculturalcould be obtained at the siphon at this site. How-
diversions and adjacent channels indicate that eggs,ever, Allen17 found that concentrations of striped
larvae, juveniles, and older fish are susceptible tobass eggs inSherman Island diversions did net vary
entrainment into the diversions. In general, eggsstatistically from and were of the same general mag-
and larvae are the life stages most vulnerable tonitude as those in the adjacent San Joaquin River.
entrainment. Species whose life stages use near-
shoreareas forspawningandrearh~gareparticularlyLarval fish were the predominant life stage en-~] because intakes of trained and be the vulnerablevulnerable, agriculturalsiphons appearto most to
and pumps are usually located off levees in thesethese diyersions. Generally, they are more abun-
areas. Seasonal timing of diversions is important indant than juveniles or older fish due simply to the

.... ( that high volumes of diversions may coincide withimpact of mortality on a population before they can
’,~ ...... periods of high abundm~ce of egg and larval stages,reach the later stages. Larvae are also poor swim-

resulting in high entrainment. For example, Baconmers and, if. near at. intake, .would probably be
Island had high diversion volumes in late Aprilunable to avoid entrainment. Species collected in
through mid-June, when striped bass larvae werethe agricultural diversions were usually a subset of
present and abundant. The impact of diversionslarval species in adjacent channels.
would be lower later in the season, when fish are
larger and less vulnerable to entrainment.           Based oncomparisons between diversion and chan-

nel abundance, the larval species most susceptible
Based on results from this study, eggs of broadcastto entrainment appear to be threadFm shad, centrar-

... spawners, such as threadfin shad, are susceptible tochids, cyprinids, .and logperch. S~afistically, diver-
entrainment. Although the sample size was too smallsion densities consistently did not vary from

I (n<6 paired samples with nonzero differences) tochannel densities. However, at McDonald Tract,
statistically test whether there was a differencethreadfin shad had higher densifies in the diversion
between channel and diversion densities, threadfinthan in the adjacent channel. The siphon intake at
shad eggs were entrained at McDonald Tract andthis site is probably in or near an area of threadfin
Naglee Burk but were not found in any of the shad spawning.

.]
16 J.C.S. Wang. Fishes of the Sacramento-San doaquin Estuary and Adjacent Waters, California: A Guide to the

Early Ufe Stages. Interagency Ecological Study Program for the Sacramento-San Joaquin Estuary. Technical
Report 9. Department of Water Resources. 1986.

17 D.H. Allen, 1975. Previously cited.
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Chameleon goby, striped bass, and prickly sculpinEntrainment estimates for juvenile and older fish
.. .... appear to be less vulnerable to diversions than theirwere possible only at Naglee Burk, due to gear

channel densities would indicate. They were abun-problems at the other sites. Chameleon goby,
dant in the channel but, except for chameleon goby,threadfin shad, bluegill, mosquitofish, and white
generally not in the diversions. These species con-catfish were entrained at Naglee Burk. They .ranged
sistently had diversion densities significantly lowerfrom 20 to 90 mm FL.
than their channel densities..However, Allen18
found that concentrations of striped bass larvae inFor the screen test at McDonald Tract, test results
Sherman Island diversions did not vary statisticallywere usable for eggs and larvae only. The fish screen
and were of the same general magnitude as those inappears to be effective in reducing entrainment of
the adjacent San Joaquin River. 4-5 mm TL and larger larvae. However, the effects

of screen impingement on the larvae are not known.
In general, chameleon goby, thread.fin shad, and cen-Small (3-4 mm TL) chameleon gobS" larvae were not
tmrchids were the most abundant .species entrainedscreened effectively. Threadfin shad larvae (5 mm
by the diversions. Thread.fin shad and chameleonTL and larger)were screened effectively.
goby had the highest entrainment at all sites and were
also abundant in the adjacent channels. These speciesCharacteristics of larval length-frequency distribu-
may be vulnerable to entrainment due to their prefer-tion were similar between channel and diversion
ence forspawning orrearinghabitat inshallow-water,catches. The size range for both areas was 2-16 mm
edge-type habitat with cover. TL, with very few greater than 16 rnm TL. Efficiency

of the gear appears to decline at 10-12 mm TL and
Striped bass were entrained only at Bacon Island,above. The peak distribution in the channel was
from April 20 to June 9. Total entrainment was3-6 man TL, which was similar to the diversion.
197,487 larvae, in comparison, total entrainmentHowever, McDonald and Naglee Burkhad bimodal

.:.... was 40 to 60 times higher at the SWP (7,948,000distributions at 3-4 mm TL (mostly chameleon
t~.~... larvae) and CVP (11,271,000 larvae).19 It would re-goby) and 6-10 mm TL (mostly thread.fin shad).

quire about 50 agricultural diversions with volume
and operations sLrnilar to the Bacon Island siphon,
and in an area of sLmi.lar striped bass density, toProblems Encountered
equal the magnitude of losses at the SWP or CVP.
With about 1,850 agricultural diversions in the
Delta, at least 50 are likely similar to theoneat BaconMeters on Diversions
Island.

¯For most of the season at Naglee Burk, the rate
Results from this pilot study provide no evidence ofand amount of diversions had to be estimated
delta smelt, longfin smelt, or splittail larval entrain-based on diversions in September. Due to coordi-
ment. Delta smelt and splittail abundances werenation difficulties between the ditch tender and
low and catches were infrequent in the channels. Nothe company installing the meter, the meter was
delta smelt or splittail were caught in the diversions,not installed until September 4.
and no longfin smelt were collected in either area.¯ At Bacon lsland, flowmeters malfunctioned several
The infrequent occurrence of these species in thetimes in late summer due to vegetation and fishing
areas and diversions under study indicates theseline becoming entangled on the propellers.
may not be the best sites for focusing on diversion¯ Diversion flows (cfs) were often too high for the
impacts to these species, range of the flowmeter and, above that range, had

to be estimated.

18 D.H. Allen, 1975. ~ev~ously cited.
19 S.A. Spaar, 1993. Previoudy.cited.

34

C--11 5651
C-115651



Sampling Problems Recommendations

-" ¯ At times, ditch flows were so low it was difficult¯ For juvenile sampling, use bag or fyke-type nets
to fish the egg and larval net. A net meter with athat completely cover the end of the diversion
low-flow propeller is needed, outfall.

¯The juvenile nets were not received until late¯ Increase juvenile sampling effort at the diversion
June. and in adjacent channels. For channel sampling,

¯The in-channel juvenile sampling method diduse atrawl, tow-net, beach seine, or electrofisl’fing
not provide usable data for Bacon Island oras appropriate for the site.

"~" McDonald Tract. ¶ Decrease egg and larval sampling effort to once
¯ Available gear for samplLng juveniles in adjacentor twice a week at the diversion and in adjacent

channels (tow-net) was not appropriate for thechannels. Dlscontinue eggand larval sampling in
} period of use, because the juvenile fish had grownmid-July, similar to other Delta egg and larval
~ toolargetobesusceptibletothegear.Amidwater,studies. This will also allow the laboratory to

or otter trawl would have been more effective,provide all results in time for the annual monitor-
"’l ¯ The channel directly adjacent to the Naglee Burking report to the U.S. Army Corps of Engineers.

site is inaccessible to the survey boat due to° Disconthnue sampling before October 31 or ex-
shallows. Station 93 was inaccessible after thetend the due date for the Corps of Engineers
temporary barrier was installed, monitoring report.

¯ OnTwitchelllsland, thesiphontobesampleddid¯ Locate dependable sites near known areas of
not divert until August -- and then for onlyabundance for delta smelt and native species to

if.!
2 weeks. We were not notified when diversionassess impacts to these fishes.
began and were not able to get to the siphon due
to major levee repairs.

Additional Data Needs

Preparation and Anah/sis of Data ¯ Landside and channel data on juvenil4 and older
fish covering the entire diversion season.

¯ Time available for staff to prepare and analyze ¯ Complete data on amount and duration of diver-
the data was not sufficient to produce a reportsions, including when diversions begin and end.
before the next sampling season.
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Appendix A

ESTIMATED DAILY DIVERSION AT STUDY SITES
l Delta Agricultural Diversion Evaluation

1992 Pilot Study
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Appendix A. (Cont.) ESTIMATED DAILY DIVERSION (acre-feet) AT STUDY
SITES FOR THE 1992 PILOT STUDY OF .THE DELTA AGRICULTURAL
DIVERSION EVALUATION, APRIL-OCTOBER 1992.

MCDONALD ISLAND UNSCREENED DIVERSIONS

VOLUME DIVERTED
(Acre-Feet)

DAY APR MAY JUN JUL AUG SEP OCT

1 * 0 0.16 0.22 0 * *
¯ 0 0 0, 0 * *2.

3 * 0 0.25 0.25 .0 * *
4 * 0 0 0 0 * *
5 * 0 0.13 0 0.14 * *
6 * 0 0 0.42 0.18 * *
7 * 0 0 0.57 0 * *
8 * 0 0 0.25 0 * *
9 * 0 0.16 0.24 0 * *

i0 * 0 0 0 0 * *
ii * 0 0.26 0 0 * *
12" * 0 0.24 0 0 * *
13 * 0 0 0 0 * *
14 * 0.01 0 0 0 * *
15 * 0 0.15 0 0 * *
i~ * 0 0 0 0 * *

".17 * 0 0.21 0 0 *
18 * 0.18 0 0 0 * *
19 * 0 0.27 0 0..23 * *
20 * 0 0 0 0 *
21 * 0 0 0 0 * *
22 * 0.Ii 0.32 0 0 * *
23 * 0 0.17 0 0 * *
24 * 0 0.37 0 0 * *
25 * 0 0.18 0 0 * *
26 * 0.13 0 0 * * *
27 0 0.18 0 0 * * *
28 0 0.15 0 0 * * *
29 0 0 0.23 0 * * *
30 0 0 0.18 0 * * *
31 0 0 * *

TOTAL 0.00 0.76 3.27 1.94 0.56 0.00 0.00

GRAND TOTAL 6.52

Diversions unknown, monitoring period 4-27-92 to 7-25-92.
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Appendix A. ESTIMATED DAILY DIVERSION (acre-feet) AT STUDY SITES FOR
THE 1992 PILOT STUDY OF THE DELTA AGRICULTURAL DIVERSION
EVALUATION, APRIL-OCTOBER 1992.

BACON ISLAND

VOLUME DIVERTED
(Acre-Feet)

~ i 0 25.19 32.05 6.84 4.51 10.91 3.77
.~ 2 0 25:19 32.05 6.84 4.51 10.91 3.14

5 0 2’3.21 31.65 7.37 12.50 10.91 3.25

I 6 0 21.43 31.65 9.68 12.50 10.91 4.38
7 0 21".43 31.65 6.57 12.50 10.91 4.38
8 0 21.61 31.65 6.57 12.50 10.91 4.38
9 0 21.61 32.81 6.51 12.50 10.91 4.38

ii_~
i0 .0 21.61 32.81 5.02 12.50 10.91 4.38
ii 0 22.93 25.04 5.02 12.50 10.91 4.38
12 0 28.51 31.48 5.02 12.50 i0.91 4.38

~ ~6 o ~.w ~.w ~.~ ~.~o ~.~ ~.~
~ o ~.~ ~.~ ~.6~ ~.~o ~.~ ~.~
18 0 50.51 21.52 15.67 12.50 12.74 4.45
19 0 50.51 18.48 15.67 12.50 12.74 6.57

j 20 25.19 50.51 18.48 9.74 16.46 12.74 5.61
- 21 25.19 50.51 18.48 9.59 16.46 10.71 6.57

22 25.19 . 29.49 17.06 10.49 16.46 11.13 6.79

~ 23 ¯ 25.19 29.49 17.49 10.01 16.46 9.71 5.55
24 25. i9 29.49 16.14 10. O1 ~9.83 7.02 0
25 25.19 29.49 15.81 10.01 19.76" 7.02 0
26 25.19 30.59 15.81 10.01 12.62 7.02 0[ 27 25.19 30.73 11.90 7.02 015.81 10.01
28 25.19 31.65 15.81 8.00 11.90 5.81 0
29 25.19 31.65 5.11 8.00 11.90 4.52 0

~ 30 25.19 31.65 5.11 4.51 11.90 4.10 0
31 31.65 4.51 11.90 0

TOTAL 277.09. 1057.67 719.39 289.81 383.02 301.40 106.!1

GRAND TOTAL 3134 . 50
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Appendix A. (Cont.) ESTIMATED DAILY DIVERSION (acre-feet) AT STUDY
SITES FOR THE 1992 PILOT STUD.Y OF THE DELTA AGRICULTURAL
DIVERSION EVALUATION, APRIL-OCTOBER 1992.

MCDONALD ISLAND SCREENED DIVERSIONS

(Acre-Feet)

DAY APR MAY JUN JUL AUG S EP OCT

2 * 0 0 0 0 * *
3 * 0 0.14 0.25 0 ~ *
4 * 0 0 0 0 * *
5 * 0 0.24 0 9.53 * *
6 * 27.40 0 0.36 22.57 * *
7 * 0 0 0.29 22.57 * *
8 * 0 0 24.18 22.57 * *
9 * 0 0.38 15.65 22.57 * *

i0 * 0 0 0 22.57 * *

12 * 0 0.16 0 0 * *
13 * 0 0 0 0 * *

15 * 0 0.20 0 0 * *
16 * 0 0 0 0 * *
17 * 0 0.14 0 0 * *
18 * 0.23 0 0 0 * *
19 * 0 0.14 0 0.49 * *
20 * 0 0 0 0 * *
21 * 0 0 0 0 * *
22 * 0.22 0.19 0 0 * *
23 * 0 0.27 0 0 * *
24 * 0 0.i0 0 0 * *
25 * 0 0.29 0 0 * *

27 0 0.i0 0 0 * * *
28 0 0.20 0 0 * * *
29 0 0 0.I0 0 * * *
30 0 0 0.19 0 * * *

TOTAL               0.00 28.30 2.97 40.94 122.88. 0.00 0.00

GRAND TOTAL 195. i0

Diversions unknown, monitoring period 4-27-92 to 7-25-92.
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Appendix A. (Cont.) EST~IMATED DAILY DIVERSION (acre-feet) AT STUDY
SITES FOR THE 1992 PILOTSTUDY OF THE DELTA AGRICULTURAL
DIVERSION EVALUATION, APRIL-OCTOBER 1992.

NAGLEE BURK

VOLUME DIVERTED*
: (Acre-Feet)

DAY APR MAY JUN JUL AUG SEP OCT.

1 0 0 0 0 0 0 39.89
2 .. 0 0 0 . 0 0 0 39.07
3 0 0 .. 0 "0 .Q 0 0
4 0 0 0 0 0 0 0
5 0 34.17 0 0 34.17 0 0
6 0 34.17 0 34.17 34.17 0 0
7 0 34.17 0 34.17 34.17 0 0
8 0 34.17 34.17 34.17 34.17 64.27 0
9 0 34.17 34.17 34.17 34.17 64.27 0

I0 0 34.17 34.17 34.17 0 29.75 0
ii 0 34.17 34.17 34.17 0 0 0
12 0 0 34.17 34.17 0 0 0
13 0 0 34.17 34.17 0 0 0
14 0 0 34.17 0 0 27.27 0
15 0 0 34.17 0 34.17 61.32 0
16 0 0 34.17 0 34.17 33.03 o.
17 0 0 34;17 0 34.17 33.03 0
18 0 34.17 34.17 0 0 0 0
19 0 34.17 34.17 0 34.17 0 0
20 0 34.17 0 0 31.27 0 0
21 0 34.17 0 0 31.27 0 0
22 0 0 0 0 31.27 0 0
23 0 0 0 0 31.27 0 0
24 0 0 0 0 0 0 0
25 0 0 o 0 0 0 0
26 0 0 0 0 0 0 0
27 0 0 0 0 0 0 . :~ 0
28 0 0 0 0 0 38.25 .~ 0
29 0 0 0 0 0 17.06 0
30 0 0 0 0 0 40.16 0
31 0 0 0

TOTAL 0.00 375.82 409.98 273.32 432.58 408.41 78.96

GRAND TOTAL :~1979.08

April-August estimates based on observed and estimated dakes of
diversions and flowmeter readings after installion (9-4-92)..

!
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Appendix B

.ESTIMATED DENSITY OF EGGS AND LARVAE,
BY DIVERSION SITE.

¯ I Delta Agricultural Diversion Evaluation
1992 Pilot Study
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¯ ESTIMATED EGG AND LARVAL DENSITIES BY DIVERSION SITE
COLLECTED UNDER THE 1992 PILOT STUDY OF THE DELTA
AGRICULTURAL DIVERSION EVALUATION, APRIL-OCTOBER 1992.

SITE 1 - TWITCHELL ISLAND
(Sevenmite Stough Diversion)                  DENSITIES

¯(Nun~>er ~r Cubic Meter)
LARVAE:

DELTA PRICKLY CY- CEH- YF          LI~GFIN LOG- CAT- SPLIT- SAC CHAH STRIPED
DATE EGGS ASHAD TFSHADSHELT SCULPIN PR%N    TRARC GOBY ISS.MISC SHELT PERCH FISH TAIL SUCKER GOBY BASS

24-Jun-92 0 0 0.1911 0 0 0 0.9557 0 0 0 0 0 0 ~ 0 0 0
25-~1un-92 0 0 0.~1t,9 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0
09-Jul-92 0 0 0.1035 0 0 0 0.0518 " .0 0 0 0 0 0 0 0 0 0
20-Jut-92 0 0 0.t,176 0 0 0     0 0 0 0 0 0 ¯ 0 0 0 0 0
28-Ju1.-92 0 0 0 O 0 0 0 0 0 0 0 0 0 0 0 0 0
21-Sep-92 0 0 0 0 0 0 0.1775 0 0.04 0 0 0 0 0 0 0 0
22-Sep-92 0 O. 0 0 0 0     0 0 5.66 0 0 0 0 0 0 0 0

TOTALS 0 0 1.1272 0 0 0 1.185 0 5.7 0 0 0 0 0 0 0 0

.;
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2%pp,endix B. (Cont.) ESTIMATED EGG AND LARVAL DENSITIES BY DIVERSION SITE
COLLECTED UNDER THE 1992 PILOT STUDY OF THE DELTA
AGRICULTOI~AL DIVERSION EVALUATION, APRIL-OCTOBER 1992".

SITE 2 - BACON ISLAND DENSITIES
(Nu~er per Cubic Heter)

LARVAE :
HISC                   DELTA PRICKLY    CY-    CEN-    YF             LONGFIN LOG- CAT- SPLIT- SAC    CHAM STRIPED

DATE EGGS ASHAD TFSHAD SMELT SCULPIN PRIN. TRARC GOBY ISS MISC SMELT PERCH FISH TAIL SUCKER GOBy BASS

20-Apt-92 " 0 0 0 0 0.0211 0 0.0211 0 0 0 O 0,0211 0 0 0 0 0.0843
22-Apt-92 0 . 0 0 0 0.0211 0 0.0211 0 0 0 0 0.0211 0 0 0 0 0.0843
27-Apt-92 0 0 0 0 0.0519 0 0 0 0 0 0 0.0104 0 0 0 0.0104 0.0311
28-Apt-92 0 0 0 0 0.0595 0.0297 - 0 0 0 0 0 0.0297 0 0 0 0 0
30-Apt-92 0 0 0 0 0 0 0 0 0 0 0 0,0208 0 0 0 0 0
04-Hay-92 0 0 0 0 0 0 0 0 0 0 0 0 0 " 0 0 " 0
06-Hay-92 0 0 0 0 0 0 0 0 0 ¯ 0 0 0 0 0 0 0 0
07-Hay-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
05-Hay-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
11-Hay-92 0 0 0 0 0 0 O. 0 0 0 0 0 0 . 0 0 0 0.3236’
12-HayS92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
13-May-92 0 0 0.1077 0 0 0.10~7 0 0 0 0 0 0.1077 0 0 0 0.1077 0~1077
18-Hay-92 0 0 0.0562 0 0 0 0 0 0 0 0 0.0562 0 0 0 0.1124 0.4497
22-May-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0569 0.0569
26-Hayr92 0 0 0.7795 0 0 0 0 0 0 0 0 0 0 0 0 0.3298 0
27-Hay-92 0 0 0 ’ 0 0 0 0 0 0 0 0 0 0 0 , 0 0.0436 0.0872
28-May-92 0 " 0 0.0582 0 0 0 0 0 0 0 0 0 0 0 0 0.0674     0
01-Jun-92 0 0 0.0262 0 0 0 0 0 0 0 0 0 0 0 0 0.4194 0.0262
03-Jun-92 0 0 0 0 0 O, 0 0 0 0 0 0 " 0 0 O 0.4604 0.0576
05- Jun-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.1625 0
09-Jun-92 0 0 0.0383 0 "0 0 0 0 0 0 0 0 0 0 0 0 0.0383
11-Jun-92 0 0 0.1423 0 0 0 . 0 0 0 0 0 0 0 0 0 0.1627 0 ..
12-Jun-92 0 0 0.1584 0 0 0 0 0 0 . 0 0 0 0 0 0 0.2262 0
15-Jun-92 0 0 0.0367 0 0 0 0 0 0 0 0 0 0 0 0 0.:3482 0
17-Jun-92 0 0 0.0314 0 0 0 0 0 0 0 0 0 0 0 0 1.2565 0
19-Ju~-92 0 0 0.0301 0 0 0 0 0 0 0 0 0 0 0 0 0.391/, 0
22- Ju~-92 0 O 0 0 0 0 0 0 0 0 0 0 0 0 0 0.2413 0
23-Jun-92 0 0 1.1963 0 0 0 0 0 0 0 0 0 0 0 0 0.2991 0
24- Jun-92 0 0 0 " 0 0 0 0 0 0 0 0 0 0 0 0 0 0
25-Jun-92 0 0 0.7445 0 0 . ¯ 0 0 0 0 0 0 0 0 0 0 0.0827 0
29- Jun-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.1417 0
01-Juto9Z 0 0 0.1889 0 0 0 0 0 0 0 0 0 0 0 0 0.5666 0

(~". 03-Jut-92 0 0 0 0 0 0 0 0 0 0 0 . 0 0 0 0 2.5623 0
,~ 06-Jut-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6.3203 0

07-Jut-92 0 0 0.692 0 0 0 0 0 0 0 0 0 0 0 0 2.076 0
09-Jut-92 0 0 0 0 0 0 0 0 0 0 0 0 O 0 0 0 0
10-Ju~.-92 0 0 0 0 0 0 O 0 0 0 0 0 0 0 O O 0
13-Jut-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15- JuL-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.1084 0
17-Jul-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
20-Jut-92 0 0 2.0388 0 0 0 0 0 0 0 0 0 0 0 0 0 0
21-Jut-92 0 0.0443 0.0776 0 0 0 0 0 0 0 0 0 0 0 0 0 0
22-Ju[-92 0 0 0 0 0 0 0.406 0 0 0 0 0 0 0 .0 0 0
23-Jut-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
28-Jul-92 0 0 0 0 0 0 1.7888 0 0 0 0 0 0 0 0 1.78~8 0
30-Jut-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.0666 0
05-Aug-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
06-Au -92 0 0 4.6618 0 0 0 0 0 0 0 0 0 0 0 0 0 0
11-Au -92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
13-Au -92 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 0 0 0

. 18-Au -92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
19-Au -92 0 0 0 0 0 0 0 0 0 ¯ 0 0 0 0 0 0 0 0
20-Au -92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
24-Au-92 0 0 0.00~ 0 O- 0 0 0 0 0 0 0 0 0 0 0 0

: .25-Au -92 0 0 0.0467 0 0 0 0 0 0 0 O" 0 0 0 0 .    0 0
26-Au -92 0 0 0.03 0 0 0 0 0 0 0 0 0 . 0 0 O 0.0172 0
27-Au -92 0 0 0.0132 0 0 .0 0 0 0 0 0 0 0 0 0 0 0
01 -Se ~-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
02-Se~-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
03- Se )-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
08-Se ~-92 0 0 0.8986 0 0 0 0 0 0 0 0 0 0 0 0 0 0
14-Se3-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15-Se)-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.2279 0
16-Se )-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.2583 0
17-Se3-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
21-Se3-92 0" 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
22-Sep-92 0 0 0 0 0 0 0 0 0 0 0 ¯ 0 0 0 0 0 0
23-Sep-92 0 0 0 0 0 0 0 0 0 0 0     0 0 0 0 0 0

~,~-. 24-Sep-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

TOTALS 0 0.0t,43 12.262 0 0.1535 0.1375 2.2369 0 0 0 0 0.267 0 " 0 0 ,19.953 1.3469
¯ No sample taken, densities estimated in order~ .to catcutate.’entrarinment.
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I" Ap’pendix B. (Cont.) ESTIMATED EGG AND LARVAL DENSITIES BY DIVERSION SITE.
.... COLLECTED UNDER THE 1992 PILOT STUDY OF THE DELTA
-.     AGRICULTURAL "DIVERSTON EVALUATION, APRIL-OCTOBER 1992.-)

¯ SITE 2 -BACON ISLAND STRIPED BASS DENSITIES
(N~ber per C~bic He~er)

LARVAE :
sIZE GROUP

DATE SITE# EGGS 3-6 m 7-10 m 11-14 mm 15-18 r~ 19-20 mrm 3-20

20-Apt-92 * 2 0 0 0.0843 0 0 O, 0.0843
22-Apt-92    2 ,0 0 0.0~43 0 0 0 0.0~43

" ~ 27-Apt-92 , 2 0 0 0.0311 0 0 0 0.0311
28-Apt-92 2 0 0 0 0 0 0 0
.XO-Apr-92 2 , 0 0 0 0 0 0 " 0
04-Hay-92 2 O’ 0 0 0 0 0 0 "
06-May-92 2 0 0 0 0 0 0 0 ¯.

l 07-Hay-92 2 0 0 0 0 0 0 0 ,.
08-May-92 2 0 0 0 0 0 0 "0
11-Hay-92 2 0 : 0.32~6 0 0 0 0 0.32~
12-Hay-92 ’ 2 0 0 0 0 0 0 0
13-Nay-92 2 0 0 0.1077 0 0 0 0.1077

"~ 18-Hay-92 2 00.05620.3935 0 0 0 0./,497
22-Hay-92 2 0 0 0.0569 0 0 0 0.0569

" 26-Hay-92 2 0 , 0 O’ 0 0 0 0
27-Hay-92 2 .. 0 0 0.0872 0 0 0 0.0872
2E-May-92 2 " 0 0 0 0 0 0 0

~iJ
01-Jun-92 2 0 0.0262 0 0 0 0 0.0262
03-Jun-92 2 0 0 0 0 0.0288 0.0288 0.0576
05- Jun-92 2 0 0 0 0 0 0 0
09-Jun-92 ’2 0 0 0.0383 0 0 0 0.0385

l 11-Jun-92 2 0 0 0 0 0 0 0
12-Jun-92 2 0 0 0 0 0 0 0
15-Ju~-92 2 0 0 0 0 0 0 0
17-Ju~-92 2 0 0 0 0 0 0 0
19- Jun-92 2 0 0 0 0 0 0 0

~," 22-Jun-92 2 0 0 0 0 0 0 0
23-Jun-92 2 0 0 0 0 0 0 0
24-Jun-92 2 0 0 0 0 0 0 0
25- Jun-92 2 ’ 0 0 0 0 0 0 0
29-Jun-92 2 0 0 0 0 0 0 0

~̄ ] 01-Jut-92 2 0 0 0 0 0 0 0
~,.~::,j 03-Jut-92 2 0 0 0 ¯ 0 0 0 0

06-Jut-92 2 0 0 0 0 0 0 0
07-Jul-92 2 0 0 0 0 0 0 0
09-Jut-92 2 0 0 0 0 0 0 0l 10-Jut-92 2 0 0 0 0 0 0 0
13-Jut-92 2 0 0 0 0 0 0 0
15-Jut-92 2 0 0 0 0 0 0 0
17-Jut-92 2 0 0 0 0 0 0 0
20-Ju(-92 2 0 0 0 0 0 0 0
21-Ju~-92 2 0 0 0 0 0 0 0
22-JuI-92 2 0 0 0 0 0 0 0
23-Jut-92 2 0 0 0 0 0 0 0
28-Jut-92 2 0 0 0 0 0 0 0
30-Jut -92 2 0 0 0 0 0 0 0
05-Aug-92 2 0 0 0 0 0 0 0
06-Aug-92 2 0 0 0 0 0 0 0
11 -Aug-92 2 0 0 0 0 0 0 0
13-Aug-92 2 0 0 0 0 0 0 0
18-Aug-92 2 0 O" 0 0 0 0 0
19-Aug-92 2 0 0 0 0 0 0 0
20-Aug-92 2 0 0 0 0 0 0 0
24-Aug-92 2 0 0 0 0 0 0 0
25-Aug-92 2 0 0 0 0 0 0 0

l 26-Aug-92 2 0 0 0 0 0 0 0
27-Aug-92 2 0 0 0 0 0 0 0

’ 01-Sep-92 2 0 0 0 0 0 0 0
02-Sep-92 2 0 0 0 0 0 0 0

.̄.~ " 03-Sep-92 2 0 0 0 0 0 0 0
, 08-Sep-92 2 0 0 0 0 0 0 0
J 14-Sep-92 2 0 0 0 0 0 0 0

15-Sep-92 2 0 0 0 0 0 0 ,0
16-Sep-92 2 0 0 0 0 0 0 0

l 17-Sep-92 ,2 0 0 0 0 0 0 0
21-Sep-92 2 0 0 0 0 0 0 0
22-Sep-92 2 0 0 0 0 0 0 0
23-Sep-92 2 0 0 0 0 0 0 0

<~’ .
2t-," Sep-92 2 0 0 0 0 0 0 0

TOTALS 0 O J,06 0.~4 0 0.02~ 0.0288 1.3469

¯ No sample taken, densities estimated |n order to catcutate entra|r*~ent.
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App’endix B. (Cont.) ESTIMATED EGG .AND LARVAL DENSITIES BY DIVERSION SITE
COLLECTED UNDER THE 1992 PILOT STUDY OF THE DELTA
AGRICULTURAL DIVERSION EVALUATION, APRIL-OCTOBER 1992.

SITE 3 - MCDONALD ISLAND (Unscreened) DENSITIES
(Nurdoer p~r Cu5{c Meter)

LARVAE:
MISC              DELTA PRICKLY CY- CEN-     YF          LONGFIN LOG- CAT- SPLIT- SAC CHAH STRIPED

DATE    EGGS ASHAD TFSHAD SMELT SCULPIN PRIN TRARC GOBY ISS MISC SMELT PERCH FISH TAIL SUCKER GOrY BASS

14-May-92     0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
18-May-92     0 0 0.6743 0 0 0 0 0 0 0 0 0 0 0 0 3.5518 0
22-May-92 0.0595 0 0.1191 0 0 0 0 0 0 0 0 0 0 0 0 0.1786 O.
26-Hay-92 0 0 5.8928 0 0 0 0 0 0 0 0 0 0 0 ,0 0 0
27-May-92 0 0 0 0 0 0 0 0 0 0 0 0 0 ’ 0 O 0.06~2 0
28-May-92 0 0 1.7602 0 0 0 0 0 0 0 0 0 0 0 0 0.176 0
01-Ju~-92 0 0 4.2154 0 0 0 0.0327 0 0 0 0 0 0 0 0 0 0
03-Jun-92 0 0 0.8146 0 0 0 0 0 0 0 0 D 0 0 0 0.’0354 0
05-Jun-92 0 0 6.6872 0 0 0 0 0 0 0 0 0 0 0 0 4.2882 0
09-Jun-92 0 0 1.6722 0 0 0 0 0 0 0 0 0 0 0 0 0.1174 0
11-Ju~-92 0 0 1.8992 0 0 0 0 0 .0 0.02 .0 0 0 0 0 0.97Z~, 0
12-Jun-92 0.0156 0 3.1591 0 0 0 0.0156 0 0 0 ,0. 0 0 0 0 0.172 0
15-Jun-92 0.0158 0 0.2836 0 0 0 0.0158 . 0 0 0.03 "0 0 0 0 0 12.59 0
17-Jun-92 0 0 0.6366 0 0 0 0 0 0 0 0 0 0 0 0 0.0653 0
19-Jun-92 0 0 0.1539 0 0 0 0 ’ 0 0 0 0 ’ 0 0 0 0 0.0616 0
22-Jun-92 0 0 1.0179 0 0 0 0 0 0 0 0 0 0 0 O: 1.129 0
2.3-Ju~-92 0.0212 0 1.8685 0 0 0 0 0 0 0 0 0 0 0 0 0.1062 0
2~’- Jun-92 0 0.0.4617 0 0 0 0 0 0 0 0 O" 0 0 0 0.1204 0
25-Ju~-92 0 0 3.06~1 0 0 0 0.0634 0 0 0 0 0 0 0 0 0,!692 0
29-Ju~-92 0 0 0.3205 0 0 0 0 O. 0 0 0 0 0 0 0 0.0247 0
30-Jun-92 * 0 0 0.3205 0 0 0 0 0 0 0 0 0 0 0 0 0.0247 O.
01-Jul;92 0 0 0.4992 0 0 0 0 0 0 0 0 0 0 0 0 0.0713 0
03-Ju[-92 0 0 2.3236 0 0 0 0 0 0 0 0 0 0 0 0 0.9295 0
06-Jut-92 0 0 0.5643 0 0 0 O 0 0 0 0 0 0 . 0 0 1.1286 0
07-Jul.-92 0 0 0.0299 0 0 0 0 0 0 0 0 0 0 0 "0 0.0597 0
08-Jut-92 0 0 0.0302 0 0 0 0.0302 0 0 0 0 0 0 0 0 0 0
09-Ju1.-92 0 0 2.6457 0 0 0 0 0 0 0 0 0 0 0 0 0.441 0
05-Aug-92 0 0 0.0892 0 0 0 0 0 0 0 0 0 0 0 ,0 0 0
06-Aug-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
19-Aug-92 0 0 0.1(~,9 0 0 0 3.0097 0 0 0 0 0 0 0 0 0 0

TOTALS 0.1122 0 ’ 41.57 0 0 0 0.1674 0 0 0.05 0 0 0 0 0 26.479 0

¯ Dens{t|es estimate<~ in order to estimate entrainment.
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°} °Appendix B. (Cont.) ESTIMATED EGG AND LARVAL DENSITIES BY D’.VERSION SITE
COLLECTED UNDER ~’HE 1992 PILOT STUDY OF THE DELTA
AGRICULTURAL DIVERSION EVALUATION, APRIL-OCTOBER 1992.

SITE 3 - MCDONALD ISLA/~D (Screened) DENSITIES
(Number per Cub{c Meter)

LARVAE:

i MISC DELTA PRICKLY CY- CEN- YF LO~GFIt~ LOG-" CAT- SPLIT- SAC CHAM STRIPED
DATE    EGGS ASHAD TFSHAD SMELT SCULPIN PRIM TRARCGOBY " ISS HISC SMELT PERCH FISH TAIL SUCKER GOSY BASS .

06-May-g2     0 0     0 0 0 0 0 0 0 0 0 " 0 0 0 0 0 O"
18-May-92     0 0 ¯ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
22-May-g2 0.0633 0 0.0633 0 0 0 0 0 0 0 . 0 0 0 0 0 . 0 0
26-May-92 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2Z-May-92 0 0 0.6122 0 0 0 0 0 0 0 0 0 0 0 0 0.0557 0
28-May-92 0 ¯ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
01-Ju~-92 0 0 0 0 0 0 0 ¯ 0 ¯ 0 0 0 0 0 0 0 0 0
03-Jun-92 0 0 0 ’ 0 0 0 0 0 0 0 0 0 0 0 0 ¯ 0 0
05-Jun-92 0 0 0.16t,3 0 0 0 0 0 0 0 ¯ 0 0 0 0 0 5.~I 0
09-Jun-g2 0 0 0.0154 0 0 0 0 0 0 0 0 0 0 0 0 0 0
09;Jun-92 0 0 O. 0 0 0 0 0 0 0 0 0 0 0 0 0 0
11-J~..~n-920.05~ 0 0.0’91 0 0 0 0 0 .0’ 0 0 0 0’ 0 00.1146 0

" ". "1 12-Jun-92 0 0 0.0182 ’0 0 0 0 0 0 0 0 0 0 0 00.0727 0
15-Jun-92 0.0157 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 0 0
17-Jun-92 0 0 0.0383 0 , 0 0 0 0 O, 0 0 0 0 "0. 0 0.0766 0
19-Jun-92 :0 0 0.0775 0 0 0 0 0 0 0 0 0 0 0 0 0.1551 0

.--1 22-Jun-92 0 0 0.0~,2 0 0 0 0 0 ~0 0 0 0 0 0 0 0.6719, 0
23-Jun-92 0.1181 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0169 0
2~,- Jun-92 0 0 0 0 0 0 0 0 0 0 0 ~ 0 0 0 0 0
25-Jun-92 0 0 0 0 0 0 .0 0 0 0 0 0 ’ 0 0 0 0.0~1 0
29- Jun-92 0 0 0.025 0 0 0 0 0 0 0 0 0 0 0 0 0 0

l 30-Jun-92 * 0 0 0.025 0 0 0 0 0 .0 0 0 0 0 0 0 0 0
01 -Jut -92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
03-Jut-92 0 0 0 0 0 0 0 ¯ 0 0 0 0 0 0 0 0 0.0313 0
06-Jut-92 0 0 0.0363 0 0 0 0 0 0 0 0 0 .0 0 0 1.2718 0
07-Jut-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00.3075 0

-] 08-Jut-92 0.0505 0 0.1263 0 0 0 0 0 0 0 0 0 0 "0 00.0505 0
08-Ju~-92 0.0505 * 0 0.1263 0 0 0 0 0 0 0 0 0 0 0 0 0.0505 0
09-Jut-92 * ,0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
09- Jut -92 0 0 0 0 0 0 0 0 0 0 0 0 0 " 0 0 0 0
05-Aug-92 * 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0C 05-Au9-92      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

.: 06-Aug-92 0 0 0 0 0 0 0 0 0 0 0 0 0 ¯ 0 0 0 0
06-Aug-92 * 0 0 0 0 0 0 0 0 0 0 " 0 0 0 0 0 0 0
19-Aug-92 0 0 0.0112 0 0 0 0 0 0" 0 0 0 0 0 0 0 0

TOTALS    0.3555 0 1.400~ 0 0 0 0 0 0 0 0 0 0 0 0 8.70~9 0

¯ Dens{t:{es estimated in order to estimate entrairvnent.
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Appendix B. (Cont.) ESTIMATED EGG AND LARVAL DENSITIES BY DIVERSION" SITE
COLLECTED UNDER THE 1992 PILOT STUDY OF THE DELTA
AGRICULTURAL DIVERSION EVALUATION, APRIL-OCTOBER 1992.

SITE 4 - NAGLEE BURK DEI~SITIES
(Hu~ber per Cubic Meter)

LARVAE:
MISC             DELTA PRICi~LY CY- .CEN- YF        LORGFIH LOG- CAT- SPL.IT- SAC CH,U,I STRIPED

DATE     EGGS ASHAD TFSHAD SMELT SCULPIN PRIN TRARC GOBY ]SS MiSt SMELT PERCH FISH TAIL SUCKER GOrY BASS

; ......
O~-Hay-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
O7-Hay-92 0 0 1.6125 0 0 0 0 0 0 0 0 0.0949" 0 0 0 0./,743 0
08-May-92 0 0 0.2418 0 0 0 0 0 0 0 0 O" 0 0 0 0.0726 0
11-Hay-92 0 0 0.9816 0 0 0 0.0633 0 0 0 0 0 0 0 0 0.285 0
18-Hay-92 0 0 2.0218 0 0 0 0 0 0 0 0 0 0 0 0 0.218~ 0
08-Jun-92 * 0 0 0.5261 0 0 0 0.3507 0 0 0 0 0 0 0 0 0.0438 0
09-Jun-92 0 0 0.5261 0 O 0 0.3507 0 0 0 0 0 0 0 0 0.0~38 O

¯ 10-Jun-92 * 0 0 0.~01 0 0 0 0.0267 0 0 0 0 0 0 0 0 0.213~, 0
11-Jun-92 0 ¯ 0 1.3122 0 0 0.2187     0 0 0 0 0 0 0 0 " 0 0.437/, 0
12-Jun-92 0 0 0.2403 0 0 0 0 0 0 0 0 0 0 0 0 1.1213 0
15-Jk~’-,-92 0 0 1.8Z,3 0 0 0 0.08.~S 0 0 0 0 0 ’ 0 0 0 0.0~ 0 ¯
17-Ju~-92 0 0 0.0235 0 0 0 0 0 0 0 0 o 0 o . O. o 0
19-Jun-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00.09z~ 0
O~-Jut-92 * 0 0 0.0485 0 0 0 0 0 0 0 0 0 0 0 0 0.1938 0
07-Jut-92 0 0 0.0-~85 0 0 0 0 0 0 0 0 0 0 0 0 0.1938 0
09-Jul-92 0.0235 0 0.1173 0 0 0 0 0 0 0 0 0 0 0 0 0.070~ 0
10-Jut-92 0.5763 0 0 0 0 0 0 0 0 0 0 0 0 0 0.576 0 0 ..
13-Ju[-92 0 0 0.0488 0 0 0 0 0 . 0 0 0 0 0 0 0 0.0488 0
05-Aug-92 0 0 0 0 0 0 0.02-~ 0 0 0 0 0 0 0 0 0.1872 0
06-Aug-92 0 0 0 ’ 0 O. 0 0 0 0 0 0 0 0 0 0 0.3047 0
IS-Aug-92 * 0 0 0 0 0 0 0 0 0 0 0 0 0 0 D 0 0
17-Aug-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
19-Aug-92 0 0 0.1879 0 0 0 0 0 0 0 0 0 0 0 0 0 0
20-Aug-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
08-Sep-gZ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
10-Sep-92 0 0 0 0 0 0 .0 0 0 0 ’ 0 0 0 0 0 0 0
14-Sep-92 0 0 0 0 0 0 0 0 0 0 0 0 0 .0 0 0 0
15-Sep-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
17-Sep-92 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 0

TOTALS 0.5998 0 10.12 0 0 0.2187 0.9037 0 0 0 0 0.0949 0 0 0.576 Z,.0699 0

¯ No sampte taken, densities estimated in order to catcutate entrainment.
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, I ’Appendix C. ESTIMATED EGG AND LARVAL DENSITIES    BY CHANNEl, SITE
~ " COLLECTED FOR THE 1992 PILOT STUDY .OF THE DELTA

AGRICULTURAL DIVERSION EVALUATION,    FEB.RUARY~’SEPTEMBER
STATIO~ 934 - SAI~ JOAOUI~ RIVER (Twitchell IsLand) . bEIVSITIES

,~"                           EGGS:         LARVAE:
STRIPED        DELTA PRICKLY CY- CEN-     YF               LONGFIH LOG- CAT- SPLIT-    SAC I

"]    DATE    MISC. BASS TFSHAD SHELT SCULPIN PRIN TRAC GOBY ISS MISC SMELT PERCH FISH TAIL SUCKER !

...... ;";.;i; ; 0.0058"; 2/*i  "" 0 0 0 0 0 0 [0116 ....
16-Apt-92 0 2.2/.6 0 0.0516 1.08~3 0 " 0 0.0516 0 0 0 0.0774 0 0.0258 0 0.,
20-Apt-92 0 0.3708 ’0 0.0501 0.6715 0 0 0 0 0 0 ¯ 0 0 0 0 0.,

"~ 22-Apr-92 0 0.1513 ¯ 0 0.0189 0.0284 0 0 ¯ 0 0 0 0 0.0095 0 0 0
2~-Apn-92 0 0 0 0.0096 0.0/.31 0 0 0.0048 0 ’ 0 0 0 . 0 0 0 0.,
26-Apt-92 0 0.022/* 0     0 0.4481 . 0 O 0 0 0 0 0.01/.9 0 0 0 0.
26-Apr-9Z 0 0.7773 0.0065 0.0065 0.1568 0.0327 0 0 0 0 0 0.0196 0 0 00.
30-Apr-92 0 3.8928 0 0.0311 0.778~, 0.0156 0 0 0 0 0 0.0623 0 0 0 0.

..|J 02-May-92
0 0.2038 0.0093 0 0.2594 0.0278 0 0 0 0 0 0.0185 0 0 0 0.

O~-May-92 0 1.705 0.0355 0 2.4154 0.1776 O. 0 0 ’ 0 0 0 0 0 0 3.
06-May-92 0 1.7246 0 0 0.3338 0.0278 0 0 0 0 0 0 0 0 00.
08-Hay-92 0 0.0914 0 0.0229 0.0686 0.0229 0 0 0 0 "0 0 0 O’ 00.

- -~ 10-Hay-92 0 0.1932 0     0     0 0..06~4 0 0 0 0 0 0 0 O. 0
1Z-Hay-92 0 0.7897 0 0 0.0292 0 0 0 0 0 0 0 0 0 0
14-May-92 0 0.4765 0 0.0953 0.0953 0.0953 0 0 0 0 0 0 0 0 0 0.
16-H~y-92 0 0.0385 0 0.0385 0.0769 0.115/, 0.0385 0 q 0 0 0 0 0 ,00.
20-May-92 0 :0 0 0 0,0829 0 0 0.0829 0 0 0 0 0 0 0

T1 22-May-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0,.j 26-May-92 0 0 0 0 0 0 0 0 0 0 0 ,0 0 0 0
28-Hay-92 0 0 0.0275 0 0 0 0 0 0 0 0 0 0 0 0
30-Hay-92 0 0 0.047 0 0 0 0 0 0 0 0 0 0 0 0 3.
01-Jun-92 0 0 0 0 0 0.036~ 0 0 0 0 0 0 0 0 0 2.

I 03-Jun-92 0 0 0.0495 0 0 0 0 0 0 0 0 O’ 0 0 0 5.
07-Ju~-92 0 9 0.6387 0.0073 0 0 0 0 0 0 0 0 0 0 0 6.
09- Jun-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O.
11-Jun-92 0 0 0 0 0 0.0167 0.0167 0 0 0 0 0’ 0 0 0 I
12- Jun-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0~ 15-Jun-92 0 0 1.0511 0 0 0.0258 0 0 0 0 0 O 0 0 0 2
17-Jt.~’92 0 0 3.5313 0 O 0.0215 O 0 O 0 0 0 0 O 0 1,
26-Jun-92 0 .0 0.0798 0 0 0 0.016 0 0 0 0 0 0 0 0 0
29-Jun-92 0 0 0.2583 0 0 0 0.022 0 0 0 0 0 0 0 0"1
01-Jut-92 0 0 0.3435 0 0 0 0.0127 0 O 0 0 0 0 0 0 3

..... 13~Jut-g2 0 0 0.0053 0 0 0 0 0 0 0 0 0 0 0 0 1~,i,I 14-Jut-92 0 ¯ 0 0 0 0 0 0 0 0 0 0 O. 0 0 0 2
15-Jui-92 0 0 0.0059 0 0 0 O 0 O 0 0 0 0 0 0 1
20- lut-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
28-Jut-92 0 0 0.0074 0 0 0 0 0 O O 0 0 0 0 0 1
18-Aug-92 0 0 0.0144 0 0 0 0 0 0 0 0 0 0 O 0 0

¯ 26-Aug-g2 0 0 0.0211 0 0 0 0 0 0 0 0 0 0 0 0 0
27-Aug-92 0 0 0.0254 0 0 0 0 0 0 0 0 0 0 0 0 O
31-Aug-92 0 0 0.0115 0 0 0 0 0 0 0 0 0 0 0 0 0

J 16-Sep-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
17-Sep-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
23-Sep-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

TOTALS 0 12,712 6,1691 0,3377 6,8156 0.6801 0.1058 0.1394’ 0 0 0 0,2138 0 0.0258 0 5
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~* 3.0205
301 1.0223

0
’~ 0.~
597 0.926
.71~ 0.~26
557 2.5693
~ 2.5~1
.3~ 16.~9~
947 5.~25
~ 1.2~3

0 5.0233
0 11.67~

~ 10.~
~769 4.~156

0 2.~92
0 0.~9
b 0.~131

.~ 1.~

~582 0~00~
~1~ 0.0~7
.533 0.0~

~6 0.0~
.1~3 0.0215
~07~ 0
~742 0
3322 o

25~ 0
165~ 0
~258 O
1945 0
~506 o

0~5~ 0
0
0 0
0 0
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Appendix C. (Cont.) ESTIMATED EGG AND LARVAL DEI{SITIES BY CHANNEL SITE"
COLLECTED FOR THE 1992 PILOT STUDY OF THE DELTA
AGRICULTURAL DIVERSION EVALUATION, FEBRUARY-SEPTEMBER 1992.

STATION 934 - SAN JOAOUIR RIVER STRIPED BASS DEHSITIES
.,.- (Tw|tchett Istand) (~u~ber per Cubic Meter)

LARVAE:             SIZE GROUP
DATE STA# EGGS 3-6 m’~ 7-10 re, n- 11-14 m~ 15-18 m’n 1~-20 m’a 3-20 m~

14-Apt-92 934 0.029 1.0894 0.197 0 q 0 1.2864
16-Apt-92 934 2.246 .2~246 0.7745 0 0 0 3.0205
20-Apr-92 934 0.3708 0.7918 0.2305 0 ’ 0 0 1.0223
22-Apt-92 934 0.1513 0.2552 0.1513 0 0 0 0.4065
24-Apt-92 934 0 0.3545 0.0144 0 0 0 0.3688
26-Apt-92 934 0.0224 0.8,364 0.0896 0 0 0 0.926
28-Apt-92 934 0.??73 0.6793 0.1633 0 0 0 0.8426
30-Apt-92 934. 3.8928 1.8218 0.7474 0 0 0 " 2.5693
02-May-92 934. 0.2038 2.0936 ¯ 0.4?25 0 0 0 2.5661
04-May-92 934 1.705 15.984 0.7104 0 0 0 16.694
06-May-92 934 1.7246 4.089 0.9736 0 0 0 5.0625
08-May-92 934 0.0914 1.2115 0.0229 0 0 0 1.2343

, . 10-May-92 934 0.1932 4.4437 0.5152 0.0644 0 0 5.0233
12-May-92 934 0.7897 I0.178 1.5793 0.117 0 0 11.874

,. 14-May-92 934 0.4765 8.0052 2.3825 0.0953 0 0 10.483
16-May-92 . 934 0.0385 3.0771 0.9616 0.0769 0 0 4.1156
20-Hay-92 934 0 0.4147 0.3318 0.0829 0 0 0.8295
22-May-92 934 0 1.5504 0.7941 0.1891 0.0378 0.0378 -" 2.6092
26-May-92 934 0 0.3057 0.0611 0 0 0 0.3669
28-May-92 934 0 0.0826 0.1102 0.1928 0.02~5 0 0.4131
30-May-92 934 . 0 . 1.6202 0.047 0 0 0 1.6672
01-Jun-92 934 0 2.0593 0.3677 0.2942 0.1103 0~0368 2.8684
03-Jun-92 934 0 " 0.7428 0 0 0 0 0.7428
07-Jun-92 934 0 0 0.0073 0 0 0 0.0073
09-Jun-92 934 0 0 0 0.0087 0 0 0.0087
11-J~-92 934 0 0 0.0666 0 0 0 0.0666
12-Jur~-92 ¯ 934 0 0 0.1466 0.0226 0.0113 0 0.1804
15-Ju~-92 934 0 0 0.0064 0 0 0 0.006~
17-Jun-,92 934 0 0 0 0.0215 0 0 0.0215
26-Jun-92 934 0 0 0 0 0 0 0
29-Jun-92 934 0 0 0 0 0 0 0

~....... 01 -Jut -92 934 0 0 0 0 0 0 .0

,,~,, ~.~
13-Jut -92 934 0 0 0 0 0 0 0
14-Jut -92 934 0 0 0 0 0 0 0
15-Jut-92 934 0 0 0 0 0 0 0
20-Jut-92 934 " 0 0 0 0 0 0 0
28-Jut-92 934 0 0 0 0 0 0 0
18-Aug-92 934 0 0 0 0 0 0 0
26-Aug-92 934 0 0 0 0 0 0 0
2Z-Aug-92 934 0 0 0 0 0 0 0
31-Aug-92 934 0 0 0 0 0 0 0
16-Sep-92 934 0 0 0 0 0 0 0
17-Sep-92 934 0 0 0 0 0 0 0
23-Sep-92 934 0 0 0 0 0 0 0

TOTALS 12.712 63.932 11.925 1.1653 0.187 0.0746 77.284
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I-"Appendix,C:.,:.~ (Cont.) ESTIMATED EGG AND LARVAL DENSITIES BY CHANNEL SITE
o . COLLECTED FOR THE 1992 PILOT STUDY OF THE DELTA

AGRICULTURAL DIVERSION EVALUATION, FEBRUARY-SEPTEMBER 1992.
¯ TATIO~I 932 - MIDDLE RIVER (Bacon Island Diversfon) DENSITIES

(HuTber per Cubic Meter)
[ EGGS: LARVAE:
~ .. STRIPED D’ELTA PRICKLY CY- CEN- YF LONGFIN LOG- CAT- SPLIT-    SAC CH~ STRIPED
~’.| DATE HlSC. .BASS TFSHAD SMELT SCULPII~ PRIM TRAC GOBY ISS MiSt SHELT PERCH FISH TAIL SUCKER GOBY BASS

06-Apt-92 0 0 0 0 0.8295 0 0.048~ 0 0 0 0 0.0081 0 0 0 0 0.0895
08-Apt-92 0 0 0 0 0.6103 0 0.0057 0 0 0 0 0.0285 0 0 0 0 0.068~

"’}lO-Apr-92 0 0 0 0 0.16~7 0 0 0 0 0 0 0.0084 0 0 0 0 0.1309
~12-Apr-92 0 0 0 0 I./,261 0 0.004 0 0 0 0 0.0159 0 0 0 0 0.0996
114-Apr-92 0 0 00.OOt,8 0.1 0 0 0 0 0 0 0.0143 ’0 0 0 0.0048 0.0429
16-Apt-92 0 0 0 0 0.0619 0 0.0044 0 0 0 0     0 0 0 0 0 0.0177¯
20-Apr-92 0 0 0.0085 0 0.3069 0 0.0171 0 0 0 0 0;0256 0 0 0 0.0.0682

¯ ~22-Apr-92 0 0 0 0 0.3502 0 0 0 0 0 0 0.05 0 0 O.OS 0 0.t,503
[24-Apr-92 0 0 0 0.019/, O.L;~03 0 0 0 0 0 ¯ 0 0.0968 0 0 0 0 0.1161

¯ .J26-Apr-92 0 0 0 0.0093 0.21/.6 0.0187 0 0 0 0 0 0 0 0 0 0.0187 0.1026
28-Apt-92 0 0 0 0 0.122     0 0 0 0 0 0 0 0 0 0 0.108/* 0.1355

. ,30-Apt-92 0 0 0 0 0.0537 0 0 0 0 0 0 0 0 0 0 0.0493 0.0314
]02-Hay-92 0 0 0 0 0.0788 0.0061 0 0 0 0 0 0.0121 0 0 0 0.0061 0.0788
~04-Hay-92 0 0 0 0.0652 0.2445 0.0163 0 0 0 0 0      0 0 " 0 0 0.1141 0.538

’--"06-May-92 O, 0 0 0 0.0227      0 0 0 0 0 0 0 0 0 0      0 0.1812
08-May-92 0 .0 0 0     0     0 0 0 0 0 0 0.0276, 0 0 0     0 0.3039

=.-~10-Hay-92 0 0 0 0 0.0345 0.0345 0 ¯ 0 , 0 0 0     0 0 0 0 0.0689 0.3101
~.~J12-1~ay-92 0 0 0.0325 0 0.0325 0 0 0 0 0 0 0.0325 0 0 0 0.0651 0.2278
~’~j16-May-92 0 0 0.0239 0 0.0239 0 0 0 0 0 0 0.0239 0 0 0 0.0~77 0.5487
:" 16-May-92 0 0 0 0 0 0 0.0182 0 0 0 0 0 0 0 0 0.05&7 0.16A1¯ 20-May-92 0 0 0.0216 0 0.0216 0 0 0 0 . 0 0 0 0 0 0 0.06/,9 0.1731

122-Hay-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.2607 0.18~2
~26-Hay-92 0 0 0.1255 0 0 0 0 0 0 0 0 0 0 0 0 2.1692 0.0896

...}28-Hay-92 0 0 0.0906 0 0 0.0226 0 0 0 0 ,      0 0 0 0 0 1.6193 0.0906
30*Hay-92 0 0 0.6209 0 0 0 0 0 0 0 0 0 0 0 0 2.5524 0.0296
01-Jun-92 0 0 1.0223 , 0 0 0 0.0122 0 0 0 0 0 0 0 0 7.20~5 0.0852

--103-Ju~-92 0 0 0.0738 0 0 0 .    0 0 0 0 0 0 ¯ 0 0 0 1.0654 0.0184
~05-Jun-9Z 0 0 0.0372 0 0 0 0 0 0 0 0 0 0 0 0 0.6~45 0.07/.4
~.]07-Ju~-92 0 0 0.2778 0 0 00.OO&4 0 0 0 0 0 0 0 0 2.4874 0.0088

09-Jun-92 0 0 0.1506 0 0 0      0 0 0 0 0 0 0 0 0 3.1628 0.0086
11-Ju~-92 0 0 0.1593 0 0 0 0 0 0 0 0 0 0 0 0 2.0~ 0

¯ ..-. 112-Jun-92 0 0 0.1002 0 0 00.OO&6 0 0 0 0 0 0 0 0 1.4618 0
~ ’.15-jun-92 0 0 0.1475 0 0 0 0 0 0 0 0 0 0 0 0 3.7246 0
~17-Ju~-92 0 0 0.236~ 0 0 0 0.0055 0 0 0 0 0 0 0 0 2.6153 0

19-Jun-92 0 0 0.1954 0 0 0 0 0 0 0 0 0 0 0 0 1.586 0
22-Ju~-92 0 0 0.57~5 0 0 0 0 0 0 0 0 0 0 0 0 1.3196 0J23-Jun-92 0 0 0.3332 0 0 0 0 0 0 0 0 0 0 0 0 4.6089 0
25-Ju~-92 0 0 0.0138 0 0 0 0 0 0 0 0 0 0 0 0 0.6474 0

- 26-J~-92 0 0 0.0839 0 0 00.O03& 0 0 0 0 0 0 0 0 0.4296 0
29-Jun-gZ 0 0 0.8958 0 0 0 0 0 0 0 0 0 0 0 0 7.2113 0

.~ 01-Jut-92 0 0 0.2152 0 0 0 0 0 0 0 0 0 0 0 0 0.9538 0
I 13-Jul-g2 0 0 0.0085 0 0 0 0 0 0 0 0 0 0 0 0 0.0127 0

__~ 1~,-Ju[-92 0 0 0.0204 0 0 0 0 0 0 0 0 0 0 0 0 0.4973 0
15-Ju/.-92 0 0 0.0262 0 0 ¯ 0 0 0 0 0 0 0 0 0 0 0.3667 0
20-JuL-92 0 0 0.070~ 0 0 0 0 0 O" 0 0 "0 0 0 0 0.4716 0

" 1 28-Jul-92 0 0 0.0609 0 0 0 0.0051 0 0 0 0 0 0 0 0 0./.671 0
~ 18-Aug-92 0 0 0.0755 0 0 0 0 0 0 0 0 0 0 0 0 0.087/* 0

..,~ 26-Aug-92 0 .0 0.16 0 0 0 0 0 0 0 0 0 " 0 0 0 0.013 0
27-Aug-92 0 0 0.0544 0 0 0 0 0 0 0 0 0 0 0 0 0.0145 0
31-Aug-92 0 0 0.0307 0 0 0 0 0 0 0 0 0 0 0 0 0.0038 0
16-Sep-92 0 0 0.00~ 0 0 0 0 0 0 0 0 0 0 0 0 0 0
17-Sep-gZ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
25-Sep-9Z 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

TOTALS 0 0 5.9556 0.0987 /,.7887 0.0981 0.1133 0 0 0 0 0.:~,38 0 0 0.05 50.301

C--115670
C-115670



Appendix C. (Cont.) ESTIMATED EGG AND LARVAL DENSITIES BY CHANNE~ SITE
COLLECTED FOR THE 1992 PILOT STUDY OF THE DELTA
AGRICULTURAL DIVERSION EVALUATION, FEBRUARY-SEPTEMBER 1992.

_. STATIO!~ 932 " MIDDLE RIVER STRIPED BASS DENSITIES
(Bacon Istand) (NuT~er per Cubic Heter)

LARVAE: SIZE GR~JP
DATE STA# EGGS 3-6 m 7-10 m 11-14 m 15-18 m 19-20 m 3-20 m

06oA )r-92 932 0 0.0813 0.0081 0 0 0 0.0695
06-A ~r-92 932 0 0.0627 0.0057 0 0 0 0.068~
10-t )r-9Z 932 0 0.1183 0.01Z7 0 0 0 0.1309
12-A )r-92 932 0 0.0837 0.0159 0 0 0 0.0996
14-A )r-92 932 0 0.0286 0.0143 0 0 0 0.0429
16"A )r-92 932 0 0.0044 .. 0.0133" 0 0 0 0.0177
20-A)r-.92 932 0 0.0512 . 0.0171 0 0 0 ~ 0.0682
22-A ~r-92 932 0 0.3002 O. 1501 0 0 0 0./.503
24-A)r-92 932 0 0.09~8 0.0194 0 0 0 0.1161
26-A~r-g2 93Z 0 0.0746 0.028 0 0 0 0.1026
28-A3r-92 932 0 0.1084 0.0271 0 0 0 0.1355
30-A ~r-92 932 0 0.0224 0.009 0 0 0 0.0314,
02-May-92. 932 0 0.0545 0.0242 0 0 0 0.0788
04-May-92 932 , 0 0 J.728 0.0652 0 0 0 0.538
06-May-9.2 932 0 0.1586 0.0227 0 0 0 0.1812
08-May-92 932 0 0.2211 " 0.0829 0 0 0 0.3039
10-Hay-92 932 0 0.0345 ..0.2756 0 0 0 , 0.3~01
12-May-92 932 0 0.0651 0.1627 0 0 0 0.2278
14-May-92 932 0 0.334 0.1909 0.0239 0 0 0.5487
16oM.ay-92 932 0 0.1641 0 0 0 0 0.1641
20-May-92 932 0 0.1299 0.0433 0 0 0 0.1731
22-May-92 932 0 0 0.1662 0 0 0 0.1862
26-May-92 932 0 0.0538 0.0359 0 0 0 0.0896
28-Ha, y-92 932 0 0.0679 0.0113 0.0113 0 0 0.0906
30-May-92 932 0 0 0.0197 0.0099 0 0 0.0296
01 oJun-92 932 0 0.0122 0.0365 0.0243 0.0122 0 0.0852
03-Jun-92 932 0 0.00~6 0.0138 0 0 0 0.0184
05oJu~-92 932 0 0.0124 0.0434 0.0186 0 0 0.0744
O7-Jun-92’ 932 0 0 0.0088 0 0 0 0.0088

¯ 09oJun-92 932 0 0 0 0.0086 0 0 0.0086
...,--. 11-Jun-92 932 0 0 0 0 0 0 0

|’~ ’ 12-Jon-92 932 0 0 0 0 0 0 0
15-Jun-92 932 0 0 0 0 0 0 0
17-Jun-92 932 0 0 0 0 0 0 0
19-Jun-92 932 0 0 0 0 0 0 0
22-Jun-92 932 0 0 0 0 0 0 0
2̄3- Jon-92 932 0 0 0 0 0 O. 0
25-Jun-92 932 0 0 0 0 0 0 0 ¯
26-Jun-92 932 0 0 0 0 0 0 0
29-Jun-92 932 0 0 0 0 0 0 0
01-Jut-92 932 0 0 0 0 0 0 0
13-Ju[-92 932 0 0 0 0 0 0 0
14-Jul,-92 932 0 0 0 0 0 0 0
15-Jul-92 952 0 0 0 0 0 0 0 "
20-Jut-92 932 0 0 0 0 0 0 0
28-Jut-92 932 0 0 0 0 0 0 0
18-Aug-92 932 0 0 0 0 0 0 0
26-Aug-92 932 0 0 0 0 0 0 0
27-Aug-92 932 0 0 0 0 0 0 0
31 -Aug-92 932 0 0 0 0 0 0 0
16-Sep-92 932 0 0 0 0 0 0 0
17-Sep-92 932 0 0 0 0 0 0 0
23-Sep-92 . 932 0 0 0 0 0 0 0

TOTALS 0 2.8178 1.5437" O. 0966 0.0122 0 /..4703
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, ’ Appendix C. (Cont.) ESTIMATED EGG AND LARVAL DENSITIES BY CHANNEL SITE
COLLECTED FOR THE 1992 PILOT STUDY OF THE DELTA
AGRICOLTDRAL DIVERSION    EVALUATION,     FEBRUARY-SEPTEMBER 1992.

STA/IO~ 953 - TURNER CUT (HcDona|d IsLand Diversion) DENSITIES
..... (Number per Cubic Meter)

EGGS: LARVAE:
: STRIPED DELTA PRICKLY CY" CEN- YF LOI~GFII~ L(X;- CAT" SPLIT"     SAC CHAH STRIPED

DATE    MISC. BASS TFSHAD SMELT SCULPIN PRIN TRAC GORY ]SS MXSC SHELT PERCH FISH TAIL SUCKER GO6Y BASS

06-Apt-92 0 0 0 0.0073 0.374 0 0 0 0 0 0 0.0147 ¯ 0 0 0 0.0073 0
08-Apt-92 0 0 0 0.0407 0.8541 ,0 0 0 0 0 0 0.0~1 0 0 0 0.1017 0.0407’

"")10-Apr-92 0 0 0 0 0.5113 0.0098 0 0 0 0 0 0.0393 0 0 0 0.7276 0.059
|12-Apt-92 0 0 ¯ 0 0 0.1669 0.0043 0 0 0 0 0 0.0475 0 0 0 0.2074 ~).0216

-~14-Apr-92 0 0 0 0 0.1157 0 0 0 0 0 0 0.0281 " 0 0 0 0.0245 0.007
16-Apt-92 0 0 0.0115 0 0.2219 0.0038 0 0 0 0 0 "0.023 0 0 0 0.:3787 0.0077

., 20-Apt-92 0 0 0.0217 0 0.6592 0 0 0 0 ¯ 0 0 0.07~7 0 0 0 0.6737" 0.0435
~ 22-Apt-92 0 0 0.0212 0 0.3457 0.0071 O. 0 0 0 0 0.0705 0 0 0 0.5009 0.0141
| 2/*-Apt-92 0 0 0.0376 ¯ 0 0.3669" 0 .0 0 . 0 0 0 0.0282 0 0 0 1.4016 0.0094
¯ J 26-Apt-92 " 0 0 0.0236 0 0.1462 0 0 0 0 0 0 0.0283 0 0 0 0.391/,     0

28-Apt-92 0 0 0.0071 0 0.0071 ¯ 0 0 0 0 0 0 0.0141 0 0 0 0.0071 0.0141
.. , 30-Apt-92 0 0 0.03~3 0 0.0515 0 0 0 0 0 0 0.0172 0 0 0 0.7"385     0

02-Hay-92 0 0 0.0656 0 0.1639 0 0 0 0 0 0 0.0109 O" ~0 0 0.9726 0
,: O~-Hay-92 0 0 0.2753 0 0.51~9 0.030~ 0.0306 0 0 0 0 0.0~18 0 . ¯ " 0 0 1.:3763 0.0612

06-Hay-92 0 0 0.0818 0 0.0618     0 0 0 0 0 0 0.0205 0 0 0 0.5318 0.0409
08-Hay-92 0 ,~ 0.0~05 0 0 0 0 0 0 0 O’ 0 0 0 0 "0.3146     0i1 lO-Hay-92 0 0     0 0 0.2~ 0.0889 0 0 0 0 0 0 0 0 0 0 0
12-Hay-92 0 0     0 0 0.0253 0.0253 0.0253 0 0 0 0 0 0 0 0 0.0506 0.0253
14-Hay-92 0 0 0.18~9 0 0.0462 0 0 0 0 0 0 " 0 0 0 0 1.1094 0.0462
16-Hay-92 0 0     0 0 0.0273 0 0 0 0 0 0 0 0 0 0 0.54~1 0.0546
20-Hay-92 0 0 0.119 0 0 0 0 0 0 0 0 0 0 0 0 1.308& 0.0238
22-Hay-92 0 0 0./*041 0 0.0~74 0 0 0 0 0 0 0 0 0 0 2.8289 0
26-May-92 0 0 0.~32 0 0 0.,0206 0 . o 0 0 0 0 0 0 0 4.9562 0
28-May-92 0 0 0.3972 0 0 0 0 0 0 0 0 0 0 0 0 11.385 0
:30-Hay-92 0 0 1.1617 0 0 0 0 0 0 0 0 .0 0 0 0 2.9488 0
01-Jur~-g2 0 0 1.0216 0 0 0 0 0 0 0 0 0 0 0 0 ’8.757 0

J O3-J~x~-92 0 0 1.6732 0 O" 0 0 0 0 .0 0 0 0 0 0 /.8.575 0
OS-J~n-92 0 0 2.7~94 0 0 0 0 0 0 0 0 0 0 0 0 60.092, 0¯ 07-Jun-.92 0 0 0.7619 0 " 0 0 0 0 0 0 0 0 0 0 0 10.59 0
09-J~=~-92 0 0 1.1916 0 0 0 0.0056 0 0 0 0 0 0 0 -0 3.4782 0
11-Ju~-92 0 0 0.834 0 0 0 0.017 0 0 0 0 0 0 " 0 0 3.8014 0

,.-, I 12-Jun-92 0 0 0.459 0 0 0 0.0042 0 0 0 0 0 0 0 0 2.3497 0
~ .~IS-Jun-92 0 0 0.1016 .0 0 0 0 0 0 0 O" 0 0 0 0 9.0912 0
"~’~,-’ 17-J~-92 0 0 0.7678 0 0 0 0 0 0 0 0 0 0 0 0 4.873 0

19-Jun-92 O" 0 0.1957 0 0 0 0 0 0 0 0 0 0 0 0:3.6385 0
22-Jun-92 0 0 0.26~ 0 0 0 0 0 0 0 0 0 0 0 0 3.7605 0I23-Jun-92 0 0 0.1587 0 0 0 0 0 0 0 0 0 0 0 0 3.2638 0
26-Ju~-92 0 0 0.144 0 0 0 0.0144 0 0 0 0 0 0 0 0 0.926~ 0
29-Jun-92 0 0 0.0814 0 0 0 0 0 0 0 0 0 0 0 0 2.7692 0
01-Ju~-92 0 0 0.0~3 0 0 0 0.00:39 0 0 0 0 0 0 ¯ 0 0 0.301 0

i 13-Ju~-9Z 0 0 0.0]06 0 0 0 0 0 0 0 0 0 0 0 0 0.3212 0
14~Jut-92 0 0 0.0155 0 0 0 0 0 0 0 0 0 0 0 0 0.1657 0

. 15-Ju~-92 0 0 0.0508 ¯ 0 0 0 0.0138 0 0 0 0 0 0 0 0 0.7155 0
20-Jut-92 0 0 0.0859 0 0 0 0.02~ 0 0 0 0 0 0 0 0 1.7708 0
28-Ju[-92 0 0 0.6097 0 0 0 0.0369 0 0 0 0 0 0 0 0 0.6097 0

I 18-Au9-92 0 0 0.0702 0 0 0 0.0083 0 0 0 0 0 0 0 0 0.21~ 0
26-Au9-92 0 0 0~0093 0 0 0 0 0 0 0 0 0 0 0 0 0.0187 0

¯ 27-Aug-92 0 0 0.0373 0 0 0 0 0 0 0 0 0 0 0 0 0.0124 0
31-Au<j-92 0 0 0.0262 0 0 0 0 0 0 0 0 0 0 0 0 0.0337 0
16-Sep-92 0 0 0 0 0 0 0 .- 0 0 0 0 0 0 0 0 0 0

I 17-Sep-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
23-Sep-g2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

TOTALS 0 0 15.185 0.0z~8 4.9988 0.1904 0.16~ 0 0 0 0 0.5747 0 0 0 203.62
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’ Appendix C.     (Cont.) ESTIMATED EGG AND LARVAL DENSITIES BY CHANNEL SITE
COLLECTED FOR THE 1992 PILOT STUDY OF THE DELTA
AGRICULTURAL DIVERSION EVALUATION, FEBRUARY-SEPTEMBER 1992.

STATION 933 - TURNER CUT STRIPED BASS DENSITIES
/" (HcDonatd ]start4) (N~)er I~r Cub{c Meter)

LARVAE:             SIZE GROUP
DATE STA# £GGS 3-6m 7-10 m 11-14 m 15-18m 19-20m~ 3-20~rm

, 06-Apt-92 933 0 0 0 0 0 0 0
- 08-Apt-92’ 933 0 ’ 0.0~07 0 0 0 0 0.0~07

lO-Apr-92 933 0 0.0492 0.0098 0 0 0 ’ 0.059.
,12-Apt-92 933 . 0 0.0216 0 0 0 0 0.0216

14-Apt-P2 933 0 0.007 0 0 0 0 0.007
16-Apt-92 933 O, 0.0038 0.0038 0 0 0 0.0077
20-Apt-92 933 0 0.0145 0.029 0 0 0 0.0435
22-Apq-92 933 0 0.0071 0.0071 0 0 0 ’ 0.0141
24-Apt-92 933 ¯ 0 0.0094 0 0 0 0 0.0094
26-Apt-92 933 0 0 0 0 0 0 0
28-Apt-92 933 O’ 0 0.0071 ~ 0.0071 0 0 0.0141
30-Apt-92 933 0 0 0 0 0 0 0
02-May*92 933 0 0 0 0 ¯ 0 0 0
04-Nay-92 933 0 0.0306 q.03’06 0 0 0 .0.0612
06-Hay-92 933" 0 0.0409 0 0 0 0 0.0409
08-May-92 933 ’ 0 0 0 0 0 0 0
10-Hay-92 933 0 0 0 0 0 0 0
12-May-92 933 0 0 0.0253 0 0 0 0.0253
14-May-92 933 0 0 0 0.0462 0 0 0.0462
16-May-92 933 0 0.0273 0 0.0273 0 0 0.0546
20*May-92 933 0 0.0238 0 0 .0 0 0.0238 ",
22~May-92 933 0 0 0 0 0 ’ 0 0
26-May-92, 933 0 0 0 "0 0 0 .0
28-May-92 933 0 0 0 0 0 0 0
30-May-92 933 0 0 0 0 ’ 0 0 0
01-Jur~-92 933 0 0 0 0 0 0 0
03~J~-92 933 0 0 .0 0 0 0 0
O5-Jun-92 933 ’ 0 , 0 0 0 0 0 0
07-Jun-92 933 0 0 0 0 0 0 0
09-Jun-92 933 0 0 0 0 0 0 0
11-Jun-92 933 0 0 0 0 0 0 0

: ..... , 12-Jun-92 933 0 .0 0 0 0 0 0
~.,~," 15-Jun-92 933 0 0 0 0 0 0 0

17-Jun-92 933 0 0 0 0 0 0 0
19-Jun-92 933 0 0 0 0 0 0 0
22-Ju~-92 933 0 0 0 .0 0 0 0
23-Jun-92 933 0 0 0 0 0 0 0
26-Jun-92 933 0 0 0 0 0 0 0
29-Jun-92 933 0 0 0 0 0 0 0
01-Ju[-92 933 0 0 0 0 0 0 -0
13-Jul-92 933 0 0 0 0 0 O" 0
14-Jui-92 933 0 0 0 0 0 0 0
15-Ju[-92 933 0 0 0 0 0 0 0
20-Jut-92 933 0 0 0 0 0 0 0
28-Jut-92 933 0 0 0 0 0 ,0 0
18-Aug-92 933 0 0 0 0 0 0 0
26-Aug-92 933 0 0 0 0 0 0 0
27-Aug-92 933 0 0 0 0 0 0 0
31-Aw-92 933 0 0 0 ’ 0 0 0 0
16-Sep-92 933 0 0 0 0 0 0 0
17-Sep-92. 933 0 0 0 0 o 0 0
Z3-Sep-92 933 0 0 0 0 0 0 0

TOTALS 0 0.2758 0.1127 0.0806 0 0 0.~691
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~ ’ App’endix C. (Cont.) ESTIMATED EGG AND LARVAL DENSITIES BY CHANNEL SITE
COLLECTED’ FOR THE 1992 PILOT STUDY OF THE DELTA
AGRICULTURAL DIVERSION EVALUATION, FEBRUARY-SEPTEMBER 1992.

STATION 93 - OLD RIVER (gag|ee Burk Diversion) DENSITIES
.... (Number per Cubic Meter)

EGGS:         LARVAE :

j STRIPED DELTA PRICKLY CY- CEN- YF LONGFIN LOG- CAT- SPLIT"     SAC CHAM STRIPED
DATE MISC. BASS TFSHAD SMELT SCULPIN PRIR TRAC GOBY’ ISS MISC SMELT PERCH FISH TAIL ~JCKER GOBy BASS

20-Feb-92 0 0 0 0 0.2047 0 0 0 0 0 0 0 0 0     0 0 0
--~ 2S-Feb-92 0 0 "0 0 0.4857 "0 0 0 0 0 0 0 0 0 0 0 0

28-Feb-92 0 0 0 0 0.38~ 0 0 0 0 0 0 0.0112 0 0 ¯ 0 0 0
03-Mar’92 0.0962 0 0 0 0.2627 0 0 0 0.0037 0 0 0 0 0 0 0 0
07-Mar-92 0 0 0 0 0.7048 0 0 0 0 0 0 0.0146 0 0 0 0 0
11-Mar-92 0 0 0 0 1.334 0 0 0 0 0 0 0.0078 0 0 0 0 0

i 15-Mar-92 0 0 0 0 0.4695 0 0 0 0 0 0 0.0172 0 0 0 0 0
19-Mar-92 0 0 0 0 1.2061 0 0 0 0 0 0 0.0081 0 0 0 0 0
23-Mar-92 0 0 0, 0 2.122 0 0 0 0 0 0 0.1188 0 0 b 0 0
27-Mar-92 0 0 0 0 0.87~6 0 0 0 0 0 0 0.0187 0 0 0 0 0
01-Apt-92 0 0 0 0 0.4313 0 0 0 "    0 0 0 0.0254 0 0 0 0.196~ 0

" ~ 0�,-Apr-9Z 0 0 0.0535 0 0.6601 0 0 0 0 0 0 0.0357 0 0.0089 0 1.5164 0
06-Apt-92 0 0 0.008 0 0.4~]21 0.004 0 0 0.008, 0 0 0 0 0 0 0.4786 0
08-Apr-g2 0 0 0.0048 0 0.2851 0 0 0 0 0 0 0 0 0.0095 0 0.1948 0.019
10-Ap~-92 0 0 0.0898 0 0.2295 0.005 0 0, 0 0 0 0 0 0 O 2.8337 0
12-Apr-92 0 ~0 0.0521 0 0.0681 0 0 0 0.012 0 0 0.004 0 0 0 1~0058 0

_~ 16-Ap~-92
0 0 0.1769 0 0.1308 0.0077 0 0 0.0308 0 0 0.0077 0 0 0 1.2538 0

28-Apt-92 0.0101 0 0.0201 0 0.0805 0 0 0 0 0 0 .0 0 0 0 0
30-Ap~-92 0 0     0 0 0.0159 0 O~ 0 ~0 0 0 0 0 0 0 0 0.0319
02-May-92 0 0     0 0 0.0044" 0 0 0 0 0 0 0 0 0 0 0.0177     0
0~,-May-92 0 0 0.0455 0 0.1092 0 0.0091 0 0 0 0 0 0 0 0 0.1092 0.0091J06-May-92 0 0 0.0144 0 0.0239 0.0048 0.0048 0 0 0 0 0 0 0 0 0.0575
10-May-92 0 0 0.00B9 0 0 0 0 0 0 0 0 0 0 0 0 0.3922 0.0535
26-May-92 . 0 0 0.0767 0 0 0 0 0 0 0 0 0 0 0 0 0.9866 0
28-Hay-92 0 0 0.2121 0 0 0 0 0 0 0 0 0 0 0 0 2.1918 0
30-May-92 0 0 0.2928 0 0 0 0 0 0.0127 0 0 0 0 0 0 1.5406 0~ 01-Jun-92 0 0 0.2811 0 0 0 0.0{,8 0 0.0069 0 0 0 0 0 0 1.6932 0.0069
03-Jun-92 0 0 1.0158 0 0 0 0.0127 0 0 0 0 0 0 0 0 ~,.8759 0
05-Jun-92 0 0 0.3429 0 0 0 0.0549 0 "0 0 0 0 0 0 0.5.6027 0.0069
07-Jun-92 0 0 0.3574 0 0 0 0.0278 0 0.00~ 0 0 0 0 0 0 2.2438 0

..,j, 09-Jun-92 0 0 0.3888 0 0 0 0.0061 0 0 0 0 0 0 0 0 2.5515 0
,- 11-Jun-92 0 0 0.1325 0 0 0 0.0044 0 0- 0 0 0 0 0 0 0.4992 0

,~ ’12-Jun-92 0 0 0.0725 0 0 0 0 0 0,0045 0 0 0 0 0 0 0.3125 0
~’ 15-Jun-92 0 0 0.2692 0 0 0 0 0 0 0 0 . 0 0 ,0 0 0.3114 0

17-J~r~-92 0 0 0.5115 0 0 0 0 0 0 0 0 0 0.0052 0 0 0.428 0.0052
19-Jun-92 0 0 0.514 0 0 0 0 0 0 0 0 0 0 0 0 0.7293 0
22-J~-92 0 0 0.1337 0 0 0 0 0 0 0 0 0 0 0 0 0.633 0
23-Ju~-92 0 0 0.2903 0 0 0 0 .0 0.0041 0 0 0 0 0 0 0.2488 0
25-Ju’t-92 0 0 0.028~ 0 0 0 0.0095 0     0 0 0 0 0 0 0 0.2094 0
26-Jt.~-92 0 0 0.05t,8 0 0 0 0.0137 0 0 0 0 0 0 0 0 0.1234 0I 29-Jun-92 0 0 0.1408 0 0 0 0.0076 0 0.0078 0 0 0 0 0 0 0.9151 0
01-Jut-92 0 0 0.28~3 0 0 0 0.0046 0 0 0 0 0 0 0 0 0.2975 0

-- 03-Jut-92 0 0 0.1987 0 0 0 0 0 0 0.0075 0 0 0 0 0 0.27 0
13-Ju1,-92 0 0 0.0277 0 0 0 0 0 0 0 0 0 0 0 0 0.0198 0
14-Jut-92 0 0 0.0144 0 0 0 0 0 0 0 0 0 0 0 0 0.0622 0i 15-Jut-92 0 0 0.0~99 0 0 0 0.0071 0 0.0036 0 0 0 0 ,.. 0 0 0.0285 0

TOTALS 0.1062 0 6.1645 0 10.496 0.0215 0.2103 0 0.0982 0.0075 0 0.2693 0.0052 0.0184 0 34.83 0.1626

C--115674
(3-115674



Appendix C. (Cont.)    ESTIMATED EGG AND LARVAL DENSITIES BY CHANNEL SITE
COLLECTED FOR THE 1992 PILOT STUDY OF THE DELTA
AGRICULTURAL DIVERSION EVALUATION, FEBRUARY-SEPTEMBER 1992.

STAT|ON 9:3 - OLD RIVER STRIPED BASS DENSITIES
... .... (Nagtee Burk Diversion) (Nt~ber per Cubic Heter)

LARVAE: SIZE GRCXJP
DATE STA# EGGS :3-6 m 7-10 mm 11-14 mm 15-18 m 19-20 ~r~ 3-20 mm

20-Feb-92 93 0 0 0 0 . 0 0 0
25-Feb-92 9:3 O. 0 0 0 0 0 0
28-Feb-92 93" 0 0 0 0 0 0 0
03-Mar-92 93 0 0 0 0 0 O. 0
07-Mar-92 93 O. 0 0 0 0 0 " 0
11-Mar-92 93 0 0 0 0 0 0 0
15-Har~92’ 93 0 0 0 0 0 0 0
19-Mar-92 93 0 0 0 0 0 0 0
2]-Mar-92 9:3 ¯ 0 0 0 0 0 0 0
27-Mar-92 93 0 0 0 0 0 " 0 0
01-Apr-92 93 0 0 0 0 0 0 0
04-Apr-92 93 0 0 0 0 0 0 0
06-Apt-92 .93 0 0 0 0 0 0 0
08-Apt-92 9:3 0 0.019 0 0 0 0 . 0.019

’ 10-Apr-92 93 0 0 0 0 0 0 0 ¯
12-Apr-92. " 93 0 0 0 0 0 0 0
16-Apr-92 9:3 0 0 0 0 0 0 0
28-Apt-92 93 0 0 0.0101 0.0201 0 0 " 0.0302
30-Apr-92 9:3 0 0 0.0159 0.0159 0 0 0.0319
02-Hay-92 9:3 0 0 0 .0 0 0 0
04-Hay-92 93 ¯ 0 0.0091 0 0 0 0 0.0091 ,.
06-May-92 9:3 0 0 0 0 0 0 0
lO-May-92 93 0 0 0.0357 0.0178 0 0 0.0535
26-May-92 93 0 0 0 0 0 0 0
28-May-92 93 0 0 0 0 0 0 " 0
30-May-92 93 0 0 0 0 0 0 0
01 - Jun-92 9:3. 0 0 0 0.0069 0 0 0.0069
03-Jun-92 93 .0 0 0 Q 0 .0 0

¯ 05-Jun-92 93 0 "0 0 0 0.0069 ¯ 0 0.0069
07-Jun-92 93 0 0 0 0 0 0 0
09-’Jun-92 9:3 0 0 0 0 0 0 0

12-Jun-92 93 0 0 0 0 0 0 0
15-Jun-92 93" O" 0 0 0 0 0 0
17-Jun-92 93 0 0 0 0.0052 0 0 0.0052
19-Ju~-92 93 0 0 0 0 0 0 0
22-Jun-92 9:3 0 0 0 0 0 0 0
23- Jun-92 93 0 0 , 0 0 0 0 "" 0
25-Jun-92 93 0 0 0 0 0 0 0
26-Jun-92 9:3 0 0 0 0 0 0 0
29-Jun-92 93 0 0 0 0 0 0 0
01 - J’ut-92 9:3 0 0 0 0 0 0 0
0:3-Ju[-92 9:3 0 0 0 0 0 0 0
l:3-Ju[ -92 93 o 0 0 0 o 0 o
14-Jut-92 9:3 0 0 0 0 0 0 0
15-Jut-92 9:3 0 0 0 0 0 0 0

TOTALS 0 0.0281 0.0616 0.066 0.0069 0 0.1626
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Appendix D

ESTIMATED ENTRAINMENT OF EGGS.AND LARVAE
AND WATER VOLUME DIVERTED,-

BY DIVERSION SITE
Delta Agricultural Diversion Evaluation

1992 l~ilot Study
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Ap~endi..x D,... ESTIMATED EGG AND LARVAL ENTRAINMENT LOSSES AND DIVERSIONS BY
DIVERSI0~ ETTE FOR THE 1992 PILOT STUDY OF THE DELTA.

I AGRICULTURAL DIVERSION EVALUATION, APRIL-OCTOBER 1992.
SITE 2 - BACOH ISLAND ENTRAINMENT

(Nunber of Fish)
LARVAE:                                                                                                 * D I VERSIOI~

:’|-              MISC             DELTA PRICKLY CY- CEN- YF         LONGFIN LOG- CAT- SPLIT- SAC CHAH STRIPED PER]O0DATE EGGS ASHAD TFSHAD SMELT SCULPIN PRIN TRARC GOrY ISS MiSt SMELT PERCH FISH TAIL SUCKER GOBY BASS (Ac-Ft)

20-Apr-g2 0 0 O 0 1310 0 1309.9 0 0 0 0 1310 0 0 O     0 5239.8 50.~

i j 22-Apr-92 0 0 0 0 32~ 0 327~,.9 0 0 0 0 3275 0 0 0     0 13099 125.~¯ 27-Apr-92 0 0 0 0 1613 0 0 0 0 0 0 322.5 0 0 0 322.52 967.56 25.19
28-Apr-92 0 0 0 0 3696 18~8 0 0 0 0 0 18~8 0 0 . 0 0 0 50.58
30-Apt-92 0 0 0 0 " 0 0 0 0 0 0 0 2583 0 0 0 0 0 100.76
04-May-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~6.41

j 06-May-92 0 0 ’ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 21
07-Hay-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0. 0 0 0 21.45
08-Hay-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 64.82
11-Nay-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9151.7 22.93
12-Hay-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 28.51

-] 15-May-92 0 0 35704 0 0 55704 0 0 0 0 035704 0 0 0 ~5704 55704 268.68
18-Hay-92 0 0 16009 0 0 0 0 0 0 0 0 16009 0 0 0 28019 112074 202.04

¯ 22-Hay-92 0 0     0 ’ 0 0 0 0 0 0 0 0 . 0 0 0 0 8271.1 8271.1 117.96
26-Hay-92 0 0 29616 0 0 0 0 0 0 0 0 0 0 0 0 126{,4     0 30.59
27-Hay-92 0 ~. 1) 0 0 0 0 0 0 ¯ 0 0 0 0 0 0 0 1655.4 5506.7~1 28-May-g2 0 0 9094.5 0 0 0 0 0 0 0 0 0 0 0 0 1~642     0 126.59
01-Jun-92 0 0 2072.~ 0 0 0 0 0 0 0 0 0 0 . 0 0 ~3159 2072.4 64.10
03-Ju~-92 0 .0      0 .0 0 0 0 0 0 0 0 0 0 0 0 36024 4503 63.4305- Jun-g2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 25372 0 126.60
09-Jun-92 0 0 3097.2 0 0 0 0 0 0 0 0 0 0 0 0 0 3097.2 65.63J 11-Jun-92 0 0 4396.7 0 0 0 0 0 0 0 0 0 0 0 0 5024.8 0 25.06 ’.
12-Jun-92 0 0 1842;6 0 0 0 0 0 0 0 0 0 0 0 0 26352 0 96.43
15-J~n-92 0 0 2602.2 0 0 0 0 0 0 0 0 0 0 0 0 24721 0 57.55
17-Ju~-92 0 0 1668.1 0 0 0 0 0 0 0 0 0 0 0 0 6672& 0 43.05¯.~ 19-J~-92 0 0 2058.~ 0 0 0 0 0 0 0 0 0 0 0 0 26760 0 55.43
22-Jun-92" 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 5077.6 0 17.06
23-Jun-92 0 0 25808 0 0 0 0 0 0 0 0 0 0 0 0 6652 0 17.69
26.-Jun-92 0 0 0 0 O" 0 0 0 0 (J 0 0 0 0 0 0 0 16.16
25-Jun-92 0 0 58069 0 0 0 0 0 0 0 0 0 0 0 0 6452.1 0 63.23

.... ¯ . I     29-Jun-92 0 0 0 0 0 0 0 0 . 0 " 0 0 0 0 0 0 178~.7 0 10.21
~_~ 01-Jut-92 ~ 0 0 3186.7 0 0 0 0 0 0 0 0 0 0 0 0 9560.2 0 13.68

"03-Jui-92 0 0     0 0 0 0 0 0 0 0 0 0 0 0 .0 69912 0 22.1206- Jut-g2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 75666 0 9.68
07-Ju(-92 " 0 0 11216 0 0 0 0 0 0 0 0 0 0 0 0 35648 0 13.16

J 09-Jui-92 0 0, 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6.51
10-Jut-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 15.06
13-Jut-92 0 0 0 " 0 0 0 0 0 0 0 0 0 0 0 0 0 0 26.81

’ 15-Ju[-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4138.9 0 30.94
17-Ju[-92 0 0 0 0 0 0 0 0 0 0 0 0 0 ’ 0 0 0 "0 ~7.01J 20-Ju[-92 0 0 26{,95 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9.7t,
21-Jui-92 0 524.~ 917.62 0 0 0 0 0 0 0 0 0 ¯ 0 0 0 0 0 9.59

- 22-Ju~-92 0 0 0 0 0 0 5253.6 0 0 0 0 0 0 0 0 0 0 10.49
23-Jul-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .0 50.05
28-Jui-92 0 0 0 0 0 0 35303 0 0 0 0 0 0 0 0 35305 0 16.00J 30-JuL-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 36228 0 27.03
05-Aug-g2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 12.50
06-Aug-g2 0 0 37/+68~ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 62.~8

~ 11 -Aug-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 26.99

i 13-Aug-92 0 0 0 0 .0 0 0 0 0 0 0 0 0 0 0 0 0 62.68
18-Aug-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 12.50
19-A~J-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 12.50
20-Aug-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 " 0 0 0 65.85
26-Aug-92 0 0 205.76 0 0 0 0 0 0 0 0 0 0 0 0 0 0 19.83

l 2S-Aug-92 0 0 11~8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 19.76
26-Aug-92 0 0 467.75 0 0 0 0 0 0 0 0 0 0 0 0 267.29 0 12.62
27-Aug-g2 0 0 972.33 0 0 0 0 0 0 0 0 0 0 0 0 0 0 59.50
01-Sep-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10.91
02-Sep-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10.91

"-| 03-Sep-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
J 08-Sep-92 0 0 72553 0 0 0 0 0 0 0 0 0 0 0 0 0 0 65

14-Sep-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10.91
15-Sep-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5066.6 0 10.91
16-Sep-92 0 0 0 ’ 0 0 0 0 .0 0 0 0 0 0 0 0 /,058.8 0 12.76
17oSep-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 50.95
21-Sep-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9.26
22-Sep-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 11.13

~ -.- . 23-sep-92 0 0 0 .0 0 0 0 0 0 0 0 0 .0 0 0 0 0 9.71
24-Sep-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 28.09

TOTALS       0 52~,.4 696278     0 9893 37552 65141    0    0    0     0 59052    0    0    0 635606 197487 3012.51

¯ Diversions for period of estimated entrainment, estimated 0 tosses "9-25-92 to 10-2~-92. SEASON TOTAL = 3133.05 AF
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Appen~£x D. (Cont.) EETIMATED EGG AND LARVAL ENTRAINMENT LOSSES AND
DIVERSIONS BY DIVERSION SITE FOR THE 1992 PILOT STUDY OF THE
DELTA AGRICULTURAL DIVERSION EVALUATION, APRIL-OCTOBER 1992.

SITE 3 - MCD0~ALD %SLAND (Unscreened) ENTRAINMENT
(Nu~ber of Fish)

LARVAE: ~ DIVERSION
M~SC DELTA PRICKLY CY- CEI~-    YF LOnG’FIN LOG- CAT- SPLIT- SAC CHAH STRIPED PERICO

DATE EGGS ASHAD TFSHAD SHELT SCULPIN PRIHTRARC GOBY ISS HISC SHELT PERCH FISH TAIL SUCKER GOBY BASS (AC-Ft)

14-Hay-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.01
18-Hay-92 0 0 191.95 0 0 0 0 0 0 0 0 0 0 0 0 779.81 0 0.18
22-Hay-92 8.338 0 16.676 0 0 0 0 0 0 0 0 0 0 0 0 25.014 0 0.11
26-Hay-92 .0 0 936.89 0 0 ¯ 0 " 0 0 0 0 0 0 0 0 "" 0 0 0 0.13
27-Hay-92 0 0 0 0 0 0 0 0 0 0 0 0 O. 0 0 14.579 0 0.18
28-Hay-92 0 0 319.83 0 0 0 0 0 0 0 0 0 0 0 0 31.983 0 0.15
01-Jun-92 0 0 813.81 0 0 0 6.3086 0 0 0 0 0 O. 0 0     0 0 0.16
03-Ju~-92 0 0 249.78 0 0 0 0 0 0 0 0 0 0 0 0 10.86 0 0.25
05-Jun-92 0 0 1088.5 0 0 0 0 0 0 0 ¯ 0 0 0 0 0 698 0 ¯ 0.13
09-Jun-92 0 0 322.84 0 0 0 0 0 0 0 0 0 0 0 0 22.655 0 0.16
11-Ju~-9.2 0 0 603.91" 0 0 .0 0 0 ,, 0 5.25 0 0 0 0 0 309.83 " 0 0.26
12-Jun-92 /,.558 0920.82 0 0 0 /,.5585 0 " 0 " 0 0 0 0 0 0 50.1/.3 . 0 0.24
15-Jun-92 2.863 0 51.537 0 0 0 2.8631 0 0 5.73 0 0 0 0 0 2287.7 0 0.15
17-Jun*92 0 0 163.87 0 0 0 ’ 0 0 0 0 0 0 0 0 ¯ 0 16.807" 0 , 0.21"
19-Jun-92 0 ¯ ~ 0 51.847 0 0 0 0 0 0 0 0 0 0 0 0 20.739 0 0.27 "
22-J~=~-92 0 0 400.74 0 0 0 0 0 0 0 0 0 0 0 0 444.45 0 ’032
23-Jun-g2 4.421 0 389.02 0 0 0 0 0 0 0 0 0 O" 0 0 22.103 0 0.17
24-Jun-92 0 0 213.21 0 0 0 0 0 0 0 0 0 0 " 0 0 55.621 0 0.37
25-Jun-92 0 0 673.17 0 0 0 13.926 0 0 0 0 0 0 0 0 37.14 0 0.18
29-Jun-92 0 0 90.991 0 0 0 0 0 0 0 0 0 0 0 0 6.9993 0 0.23 "
30-Jun-92 0 0 72.i’93 0 0 0 0 0 0 0 0 0 0 0 0 5.5994 0 0.18
01-Ju!,-92 0 0 13/,.17 0 .0 0 0 0 0 0 0 0 0 0 0 19.168 0 0.22

,03-Jut-92 0 0 703.68 0 0 0 0 0 0 0 0 0 0 0 0 281./.7 0 0.25
06-Ju[-92 0 0 290,52 0 0 0 0 0 0 0 0 0 0 0 0 581.04 0

" 07-Jut-92 0 0 21.017 0 0 0 0 0 0 0 0 0 0 0 0 42.035 0 0.57
08-JuL-92 0 0 9.1565 0 0 0 9.1565 0 0 0 0 0 0 0 0     0 0 0.25
09-Jut-9Z 0 0 781.18 .0 0 0 0 0 0 0 0 0 0 0 0 130.2 0 0.24
OS-Aug-92 0 0 15.191 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.14
06 - Aug- 92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.18
19-A.ug-92 0 0 47.434 ¯ 0 0 0 2.7903 0 0 0 0 0 0 0 ¯ 0 0 0 , 0.23

,:,., TOTALS 20.18 0 9574.5 0 0 0 39.605 0 0 11 0 0 0 0 0 589~..9 0 6.52

¯ Diversions’for period of estimated entrainment, diversions ended for season on 8-19-92.
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i" ’’~A~pendix D. (Cont) ESTIMATED EGG AND LARVAL ENTRAINMENT LOSSES AND

DIVERSIONS DY DIVERSION SITE FOR THE 1992 PILOT STUDY OF THE
DELTA AGRICULTURAL DIVERSION EVALUATION, APRIL-OCTOBE~ 1992.

JJ SITE 3 - MCDONALD ISLAND (Screened) ENTRAINMENT
(NurSer of Fish)

:.... LARVAE: * DIVERSION
\’ MISC DELTA PRICKLY CY- CEN- YF LONGFIN LOG- CAT- SPLIT- SAC CHAH STRIPED PERIO0

DATE EGGS ASHAD TFSHAD SMELT SCULPIN PRIN TRARC COBY ISS MISC SMELT PERCH FISH TAIL ~UCKER GOBY BASS (Ac-Ft)

06-May-92     0 0 0 0 O 0 0 0 0 0 0 O 0 0 O 0 0 27.40
18-May-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0..2]

" | 22-May-92 17.01 0 1.7.01 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.22
26-May-92 0 0 ¯ 0 0 0 0 0 0 0 0 O" 0 .0 0 0 0 0 0.16
27-May-92 0 0 71.839 0 0 0 0 0 0 0 0 0 0 0 ¯ 0 6.5308 0 0.10
28-May-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0 0 0.20
01-Jun-92 0 0 0 0 0 0 0 0 0 0 O. 0 0 0 0 0 0 0.24
03- Ju~-92 0 0 0 .0 0 0 0 0 0 0 0 0 0 0 0 0 0 O. 14
05-Ju~-92 0 0 47.8~5 0 0 0 0 0 0 0 0 0 0 - .0 0 1687.9 0 0.24
09-~Jun-92 0 0 0.6427 0 0 0 0 0 0 0 ¯ 0 0 0 ’0 0      0 0 0.03
09-Jun-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 (~ 0.35
11-Ju~-92 13.23 0 4.&109" 0 0 0 0 0 0 0 0 0 0 0 0 26.t,6~ 0 0.19

-| 12-Jun-92 0 0 3.57~1 0 0 0 0 0 0 0 0 0 0 0 0 lt,.317 0 0.16
15- Ju~-92 3.862 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.20
17-Juq-92 0 0 6.8137 0 0 ¯ 0 0 0 0 0 0 ’ 0 0 0 0 13.627 0 0.1/,
19-Jun-92 0 .. O. 13.208 ’ 0 0 0 0 0 0 0 0 0 0 0 0 26,415 0 0.14
22-Ju~-92 0 ~ 0 9.8551 0 0 0 0 0 0 0 0 0 0 0 0 157.68 0 0.19~ 23-Jun-92 38.91 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5.5585 0 0.27
24-Ju~-92 0 0 0 ’ 0 0 0 0 0 0 0 0 0 0 " 0 0 0 0 0.10
25- Jun-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1~,.882 " 0 0.29
29- Jun-92 0 0 3.1285 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.10

l 30- Jun-92 0 0 5.783 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.19
01-Jut-92 0 0     0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.21 "’
03- Jut-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9.8~58 0 0.25

.06-Jut-92 0 0 15.9.56 0 0 " 0 0 0 0 0 0 0 0 0 0 558J,7 0 0.36
07-Jut-9Z 0 0     0 0 0 0 0 0 0 0 0 0 0 0 0 110.57 0 0.29

~--~
08-Jut-92 20.46 0 51.145 0 0 0 0 0 0 0 0 0 0 0 0 20.458 0 0.33
08-Ju[~92 525.8 0 1314.5 0 0 0 0 0 0 0 0 0 0 0 0 525.7~ 0 8.44
09-Jut-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 30.81
09-Jut-92 0 0 0 0 " 0 0 0 0 0 0 0 0 0 0 0 0 p 0.25
O5-Aug-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9.21

/:, ) 05-Au9-92 0 0 0 0 0 0 0 0 0 0 0 O. 0 0 0 0 0 0.32
,i 06-Aug-gz 0 0 0 0 0 0 O. 0 0 0 0 0 0 0 0 0 0 0.10

~.., 06-Aug-92 .0 0 0 0 0 0 0 0 0 0 0 0 0 0 ¯ 0 0 0 112.77
19-Aug-92 0 0 6.7111 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.49

l TOTALS 619.3 0 1572.4 0 0 0 0 0 0 0 0 0 0 0 0 3178.5 0 195.10

¯ Diversions for period of estimated entrair~ent, diversions ende~ for season on 8-19-92. SEASO~ TOTAL = 195.10 AF

_l
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Appendix D. (Cont.) ESTIMATED EGG AND LARVAL ENTRAINMENT LOSSES AND
DIVERSIONS BY DIVERSION SITE FOR THE 1992 PILOT STUDY OF THE
DELTA AGRICULTURAL DIVERSION EVALUATION, APRIL.OCTOBER 1992.

.. - SITE 4 - NAGLEE BURK EI~TRAINMENT
(N~nber of F|sh)

LARVAE: * DIVERSIOFI
MISC DELTA PRICKLY .CY- CEN- YF LOHGFIN LOG- CAT- SPLIT SAC CNAH STRIPED PERIOD

DATE    EGGS ASHAD TFSHAD SMELT SCULPIN PRINTRARC GOBY ISS HISC SMELT PERCH FISH TAIL SUCKERGOBY BASS (Ac-Ft)

05-Hay-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 34.17
06-Hay-92 0 0 203863 0 0 0 0 0 0 0 0 11992 0 0 0 59960 0 34.17
07-May-92 0 0 10192, 0 0 0 0 0 0 0 0 0 0 0 0 3057.6 0 34.17
08-May-92 0 0 165470 0 .0 0 10676 0 0 0 0 0 0 0 0 /.8040 0 102.50
11-Hay-92 0 0 85203 0 0 0 0 0 0 0 0 0 0 0 0 9211.1 0 34.17
18-Hay-92 0 0 22171 0 0 0 14780 0 0 0 0 0 0 0 0 1847.5 0 136.66
08-Ju~-92 0 0 22171 0 0 0 14780 0 0 0 0 0 0 ¯ 0 0 1847.5 0 34.17
09-Jun-g2 0 0 14334 0 0 0 1124.3 0 0 0 O’ 0 0 0 0 8994 0 34.17
lO-Jun-92 0 0 165895 0 0 27649 0 0 0 0 0 0 0 0 0 55298 0 .34.17
11-Ju~-92 0 0 20252 0 0 0 0 0 0 0 0 0 0 0 0 94510 0 34.17
12-Jun-92 0 0 155339 0 0 0 7486.2 0 0 0 0 "0 0 0 0 5614.7 0 102.50
15-Jun-92 0 0 988:/.5 0 0 0 0 0 0 0 0 0 0 0 .0 0 0 68.33
17-Jun-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3976./* 0 68.33
19-Jun-92 0 ,’ 0 /.084.7 0 0 0 0 0 0 0 0 O’ 0 0 0 16339 0 34.17
06-Jut-92 0 ":. O. 2042.3 0 0 0 0 0 0 0 0 0 0 0 0 8169.3 0 34.17
07-Jut-92 2965 0 14827 0 0 0 0 0 . 0 0 0 0 0 0 0 8896 0 68.33
09-Jut-92 24288 0 0 0 0 0 0 0 0 0 0 0 0 " 0 24288 0 0 34.17 .
10-JuL-92 0 0 2057.3 0 0 0 0 0 .0 0 0 0 " 0 0 0 2057.3 0 102.50
13-Jut-92 0 0 0 0 0 0 3943.6 0 O. 0 0 0 0 0 0 31548 0 34.17
O5-Aug-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 25680 0 34.17
06-Aug-92 0 0 O 0 0 0~ 0 0 ¯ 0 0 0 0 0 0 0 0 0 136.66
15-Au9-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 68.33
17-Aug-92 0 0 28995 0 0 0 0 0 0 0 0 0 0 0 0 0 0 34.17

’ 19-Au9-92 0 0 0 0 0 0 0 0 0 0 0 0 "0 0 0 0 0 34.17
20-Aug-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 125.09
08-Sep-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 128.54
10-Sep-92 0 0 0 0 0 0 0 0 0 0 0 .0 0 0 0 0 0 29.75
14-Sep-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 27.27
15-$ep-92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 61.32
17-Sep-92 0 0 0 0 O. 0 0 0 0 0 0 0 0 0 0 0 0 66.06

TOTALS    27253     0 917885     0     0 27649 52790    0    0    0    0 11992    0    0 24288 385046      0 1804.64
¯ Diversions for period of estimated entrainment, estimated 0 losses 9-18-92 to 10-2-92. SEASON TOTAL = 1979.08 AF
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APpendix E. ESTIMATED ENTRAINMENT LOSSES AND DIVERSIONS FOR JUVENILE AND
OLDER FISH BY DIVERSION SITE FOR THE 1992 PILOT STUDY OF THE
DELTA AGRICULTURAL DIVERSION EVALUATION, APRIL-OCTOBE~ 1992.

- BAG NET SAMPLING JUVEHILE CATCH
(H~Tber of Fish)SAMPLE~

START    LENGTH     CATCH THREADFI H HOSQUITO- WHITE CHA~ELEOI~DATE TIHE (Mir~Jtes) (# Fish) .DATE SHAD BLUEGILL     FISH CATFISH
24-Sep-92 1106 30 0 05-Au9-92 0 0 ¯ 0 0 0.¯ ] 24-sep-92 1136 46 0 O6-Aug-92 0 0 0 0 024-Sep-92 1222, 54 0 15-Aug-92 " 0 0 0 0 126-Sep-92 1415 30 0 17-Aug-92 0 0 0 0 128-Sep-92 1450 30 0 19-Aug-92 0 0 0 " 0 029-Sep-92 1705 30 0 20-Aug-g2 " 0 0 0 0 0
29-Sep-92 1740 30 0 O8-Sep-92 2 0 0 0 0
29-Sep-92 1815 30 0 10-Sep-92 0 0 0 1¯ 29-Sep-92 1850 30 0 " 14-Sep-92 0 0 0 0 0
29-Sep-92 1925 30 ¯ ¯ 0 15-Sep-92 0 0 0 1 2
29-Sep-92 2000 .60 0 17-Sep-92 1 0 0 0 0
30-Sep-92 1425 30 0 28-Sep-92 0 5 0 0 0
30-Sep-92 1500 30 0 29-Sep-92 0 2 0 0 0

- 01-Oct-92 930 90 , 0 ,30-Sep-92 0 0 0 0 101"-0ct-92 1100 23 0 01-0ct-92 0 0 2 1

~ 01-0ct-92 1124 47 0 02-0ct-92 0 0 0 0 2
01-0ct-92 1216 45 0 ........................................................
02-Oct-92 913 45 0 TOTALS 3 7 2 2 9
02-0ct-92 . 958 52 0
02-Oct-92 1100 :47 0 " No sample, catch estimated in order to calculate entrainment.
02-Oct -92 1149 84 0J 02-Oct-92 1235 3~ 0
05-Oct-92 1220 30 0
05-0ct-92 1250 30 0
05-0ct-92 1320 45 0

J 05-0ct-92 1405 30 0
05-Oct ~92 1435 45 0
05-Oct-92 1520 40 0
06-Oct-92 1750 30 0
06-0ct-92 1825 45 0

~ 06-Oct-9Z 1910 45 0 SITE 4 - NAGLEE BURK
.; 06-0ct-92 1955 770 0 JUVERILE EHTRAIHMEHT

~::~" 15-0ct-92 1348 30 0 (~rber of Fish)
1~-Oct-92 1418 30 0 "DIVERSIOR
15-3ct-92 1448 30 0 THREADFIH HOS~JITO- UHITE CH/U~LEON PERIO0

j 15-Oct-92 1518 30 0 D~TE SHAD BLUEGILL FISH CATFISH GOSY (Ac-Ft)
15-Oct-92 1548 30 0 ...............................................................
15-oct-92 1618 60 0 05-Aug-92 0 0 0 0 O " ~4.17
15-0ct-92 1718 60 0 06-Aug-92 0 0 0 0 0 136.66

_~ 15-Oct-92 1816 930 0 15-Aug-92 0 0 0 0 96 68.33
16-0ct-92 948 60 0 17-Aug-92 0 0 0 0 ~8 34.17
16-0ct-92 1050 60 0 19-Aug-92 0 0" 0 0 0 34.17
16-Oct-92 1150 60 0 ¯ 20-Aug-92 0 0 0 0 0 125.09
16-Oct-92 1250 60 0 08-Sep-92 64 0 0 0 0 128.54

J 19-0ct-92 1215 30 . 0 10-Sep-92 0 0 0 ,69 0 29.75
19-Oct-92 1245 30 0 14-Sep-92 0 ¯ 0 0 0 0 27.27
19-Oct-92 1315 30 0 15-Sep-92 0 0 0 77 ’155 61.32
19-Oct-92 1345 30 0 17-Sep-92 63 0 0 0 0 66.06
19-Oct-92 1415 30 0 ’28-Sep-92 0 289 0 0 0 ~8.Z5
20-0ct-92 1330 60 0 29-Sep-92 0 52" 0 0 0 17.06
20-Oct-92 1430 60 0 30-Sep-92 0 0 0 0 51 40.16
20-Oct-92 1530 ¯ 45 0 01-Oct-92 0 0 72 Z,5 . 109 39.89
21-Oct-92 1145 60 0 02-O¢t-92 .     0 0 0 0 9~ 39.07
21-0ct-92 1245 60 0 ...............................................................
21-0ct-92 1~45 60 0 TOTALS 127 341 72 182 555 919.95
21-Oct-92 1445 60 0

.21-Oct-92 1545 15 0 SEASON TOTAL = 1979.08 AF
22-Oct-92 1215 60 0
22-0ct-92 1315 60 0 * Diversions for period of estimated entra(r~ent.
22-0ct-92 1415 60 0
22-0ct-92 1515 20 0
23-0ct-92 1215 60 0
23-0ct-92 1315 60 0
23-0ct-92 ’ 1415 60 0
23-0ct-92 1515 60 0

TOTAL 0
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COMMON ABBREVIATIONS
AND METRIC CONVERSIONS

Area Specific Conductance
km2    square kilometers; to convert to ,square miles, pS     microsiemens; equivalent to micromhos ~

multiply by 0.3861 pSlcrn microsiemens per centimeterl m2 square meters; to convert to square feet, multiply
by 10.764

Temperature
Length "C degrees Celsius; to convert to "F, multiply by 1.8

then add 32
cm centimeters; to convert to inches, multiply by. 0.3937 "F degrees Fahrenheit; to convert to "C, subtract
FL fork i~ngth; length from the most anterior part of a 32 degrees then divide by 1.8

!]

fish. to the median caudal fm rays (fork in the tail)
km kilometers; to convert to miles, multiply by 0.62139 Mathematics and Statistic~
m meters; to convert to feet, multiply by 3.2808 df degrees of freedom

l mm millimeters; to convert to inches, multiply by
0.03937 e base of natural l .ogarithm

E expected valueSL ¯ standard length; tip of upper jaw of a fish to crease
formed when tail is bent sharply upward log logarithm

-~1 TL total length; length from the most anterior part of aN samplesize
fish to the end of the tail " NS not significant

~,-~ ~ Volume
% percent

¯ %0 per thousand
~’~’ AF acre-foot; equal to 43,560 cubic feet P probability

L liters; to convert to quarts, multiply by 1.05668;
to convert to ga lions, m ul tiply by 0.26417 r correla tio.n or regression coefficient (simple)

mL milliliters R correlation or regression coefficient (multiple)
SD standard deviation

Flow SE . standard error

_ cfs cubic feet per second; to convert to acre-feet per V variance
day, multiply by 1.98

- gpm gallons per minute General
j mgd million gallons per day CPUE catch per unit effort

eg for example (exempli gratia)
Velocity et al and others (et alii)

fps feet per second etc and so on (et cetera)

¯ m/s meters per second; to convert to feet per second, ~ that is (id est)
multiply by 3.2808

Interagency Program Members
Mass COE US. Army Corps of Engineers

kg kilograms; to convert to pounds, multiply by 2.2046DFG California Deparmaent of Fish and Game

.Concentration
DWR California Department of Water Resources

mg/L milligrams per liter; equals parts per million (ppm)
EPA U.S. Environmental Protection Agency
FWS U.S. Fish and Wildlife Service

¯
] pg/L micrograms per liter; equals parts per billion (ppb)

SWRCBCalifornia State Water Resources Control Board

USBR U.S. Bureau of Reclamation
USGS U,~. Geological Survey

C--115683
C-115683



SCIENTIFIC NAMES OF FISH

Ameri.can eel Anguilla rostrata pumpkin seed Lepomis gibbosus

American shad Alosa sapidissima rainwater killifish Lucania parva

¯bay goby .Lepidogobius lepidus redear sunfish Lepomis microlophus

bigscale log-perch Percina macrolepida red shiner Cyprinella lutrensis
blaCl~ bullhead Ameiurus meIas riffle scfilpin Cottus gulosus
black crappie Pomoxis nigromacuIatus river lampre.y Lampetra ayresii
blue catfish Ictalur_usfurcatus Sacramento blackfish Orthod6~ microlepidotus
bluegill .~ Lepomis macrochirus Sacramento perch ArchopIites interruptus

brown bullhead Ameiurus nebulosus Sacramento splittail. Pogonichthys macrolepidotus
brown trout Salmo trutta Sacramento squawfish PtyChocheilus grandis

California h~libut Paralici~thys californicus Sacramento sucker Catostomus occidentaIis’.
California roach Hesperoleucus symmertricusshiner surfperch Cymatogaste.r aggregata
chameleon goby Tridentiger trigonocephatus silver salmon Oncorhynchus kisutch
channel catfish Ictalurus punctatus smallmouth bass Mic. ropterus dolomieu
Chinook salmon Oncorhynchus tshawytschaspeckled dace Rhinichthys osculus
common carp Cyprinus carpio speckled sanddab Citharichthys.stigmaeus
delta smelt Hypomesus transpaci.ficus st~littail Pogonichthys macrolepidotus
English sole Pleuronectes vetulus staghorn sculpin Leptocottus armatus
fathead minnow PimephaIes promelas starry flounder platichthys stellatus
golden shiner Notemigonus crysoIeucas steelhead trout Oncorhynchus mykiss
goldfish Carassius auratus striped bass Morone saxatilis

green sturgeon Acipenser medirostris striped mullet Mugil ceplmlus

green sunfish Lepothis cyaneIlus surf smelt Hyp.omesus pretiosus
hardhead Mylopharodon conocephalus threadfin shad Dorosoma petenense
hitch Lavinia exilicauda threespine stickleback Gasterosteus aculaetus

inland silverside Menidia beryIlina tui chub Gila bicolor
jacksmelt Atherinapsis californiensis tule perch Hysterocarpus traski

largemouth bass Micropterus salmoides wakasagi Hypomesus nipponensis
longfin smelt Spirinchus thaleichthys warmouth . Lepomis guIosus
mosquitofish Gambusia affinis white catfish Ameiurus catus

northern anchovy EngrauIis mordax white crappie Pomoxis annularis
¯ Pacific herring Clupea pallasii white croaker Genyonemus lineatus

Pacific lamprey Lampetra tridentata white sturgeon Acipenser transmontanus.

pink salmon Oncorhynchus gorbuscha yellow bullhead. Ameiurus natalis
p̄lainfin midshipm~ Porichthys notatus. ,yellow perch , Percaflavescens
prickly sculpin. Cottus asper, yellowfin goby Acanthogobiusflavimanus
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Introduction

" Approximately 2,200 agricultural di-tom (Allen 1975). Species and/or life
versions with maximum flow rates of up tostages of species that tend to orient them-
2’50 cubic feet per second (cfs) occur withinselves near the bottom of the channel are
the Sacramento-San Joaquin Delta potentially more susceptible to entrain-
(Raquel pets. comm.). Diversions are activement in these diversions than midwater or
mostly during the agricultural season, gen-surface-oriented species. However, benthic
erally occurring from late March or earlyspecies (e.g., sculpins (Cottidae) and go-
April through September ~vhen water ishies (Gobiidae) may not be highly suscepti-
needed for spring and summer cropsble to entrainment if they use the
(Brown 1982). boundary layer as a velocity refuge or can

hold on to the substrate with specialized
The length of the season, however, var-body parts (Urquhart pers. comm.)

ies from year to year depending on rainfall "
and crop type. Diversions may also occur In other species, where vertical distri-
at other times of the year. For example, .bution may vary both temporally and spa-
during fall and early winter, water may betially, susceptibility to entrainment may
diverted to leach salts from soils, breakalso vary. Young salmon in the Sacramento
do~vn post-har~’est corn stubble, and floodRiver system, for example, may occur near
land to attract waterfowl. During ~vinter,the surface (Hatton 1940; Hallock and Van
water may also be diverted for winter\Voert 1959; Sasaki 1966) but have been
wheat, and in drought years, for perennialreported to migrate at greater depths as the
crops including orchards and vineyards,season progresses and as they move down

the estuary (Gritz and Stevens 1971).
._ During the agricultural season, in-~ithin the delta, the distribution of young( ’ delta diversions may collectively transfer~.... salmon in the water column may also vary.... ~vater at an estimated mean monthly rateat night (Wick~vire and Stevens 1971).

of 2,000 to 5,000 cfs from delta channels
(Bro~vn 1982). These diversions are located Concerns about agricultural diversion
in some sections of rivers and ~vater~vaysimpacts to delta fish populations prompted
used by migratory and resident fish, in-fish screening requirements under three
cluding endangered and threatened spe-sections of the California Department of
cies such as winter-run chinook salmonFish and Game (DFG) Code Division 6, Part
(Oncorhynchus tshawytscha) and delta1, Chapter 3, Articles 3, 4 and 5 comprised
smelt (Hypomesus transpac!~icus), of DFG Code Section 5930 B 6100. Covered

in the code are requirements for diversions
Major crop irrigation coincides withover 250 cfs (Section 5980), diversions un-

the season when most fish are migratingder 250 cfs (Section 6020) and diversionsand/or reproducing, and, therefore, wheninstalled after January 1, 1972 (Section
large numbers of larval, juvenile and adult6100].
fish are present in delta channels. Most
agricultural diversions are not screenedIn 1992, the Interagency Ecological
and losses due to entrainment may be aProgram for the Sacramento-San Joactuin
significant cause of the decline in abun-Estuary (IEP) initiated The Delta Agricul-
dance of some Delta fish. Potential factorsrural Diversion Evaluation to investigate
influencing the rate and magnitude of fishthe effects of in-delta diversions on resi-
entrainment in agricultural diversions aredent and anadromous fish. Portions of the
presented in Table 1. evaluation xvere required under the U.S.

Army Corps of Engineers permit (No.
Most small diversion intakes are situ- 199101051, effective March 30, 1992) for

~.~.    ated two to three feet above the river bot- the Southern Delta Temporary Barriers
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Project and the Delta Smelt Study Planate entrainment losses of resident and mi-
..... (Sweetnam and Stevens 1991). Overall, thegratory fish species at several agricultural
~ study goal ~vas to obtain information aboutdiversion sites; and (3) to determine the

fish entrainment in delta agricultural di-susceptibility of fish species to entrain-
versions that could assist in the evaluationment relative to their abundance and life
of projects designed to reduce entrain-stages in adjacent delta cblannels.
ment. A pilot study for the Delta Agricultural

Such projects could include plans toDiversion Evaluation was conducted by the
consolidate and/or screen agricultural di-California Department of Water Resources
versions or to modify water use patterns of(DWR) in 1992 (Spaar 1994). This report
in-delta agricultural diversions. Study ob-presents the results obtained from the pro-
jectives were: (1) to develop reliable meansgram during the years 1993, 1994 and
of estimating fish entrainment; (2) to evalu-1995.
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Methods

/ ....’ Description of Diversion Sites From April through October, a 16-inch
siphon (Site 2) diverted water continuously

Sampling focused on the collection of24 hours a day. A 14-inch siphon {Site 2B)
eggs, larvae, juvenile and adult fish. Thediverted additional water when needed or
number of diversions sampled variedwhen the larger siphon needed repairs. Di-
across years. Five sites (1, 2, 2B, 4, and 10)versions, therefore, were not continuous at
in the south and west delta were sampledthis site. Maximum flow capacity for the
in 1993 (Figure 1). Four of those (Sites 1, 2,16- and 14-inch siphons was approxi-
4 and 10) were sampled in 1994 and threemately 22 and 17 cfs, respectively, though
(Sites 1, 2, and 4) in 1995. Sites wereactual flows ~vere variable and typically
numbered sequentially from 1 through 4.lower. Propeller flowmeters (Ketema

: McCrometer model M0300) were installed
Site 10 was’ numbered arbitrarily so asin both siphons on May 4, 1992.

to leave site numbers available for possible -
additional study locations in the southSite 4 was located in the south delta,
delta. Site 2B was originally an alternatewithin the Naglee Burk Irrigation District,..
site for Site 2. Site 3 was included in thesouth of Fabian Tract on Old River. A 30
pilot study of 1992 (Spaar 1994) but washorsepower pump diverted water from Old
then dropped from the program. River through a 20-inch intake pipe at up

to 20 cfs into a concrete distribution box.
Site 1 ~vas located in the xvest delta onThe box distributed water to the south or

Twitchell Island (Reclamation Districteast to alfalfa and corn fields. During this
1601). The diversion consisted of a 16-inchstudy, water was diverted intermittently
siphon that draws ~vater from the Sanfrom May through August; however, the

,<...... Joaquin River. The diversion is not nor-pump ~vas frequently shut down for peri-
~..,~:i,.. really active during the irrigation season,ods of several days. A flowmeter (Ketema

but ~vas operated intermittently for pur-McCrometer model M0300) was installed
poses of this study, except in 1994, whenon the discharge line on September 4,
the farmer used some of the diverted water1992.
to irrigate about 350 acres of corn for a fexv
days (Beck pers. comm.). A propeller flo~v- Site 10 was located in the east delta on
meter (Ketema McCrometer model M0300)Bouldin Island (Reclamation District 756).
with flow indicator (in cfs) and totalizer (inThe two 24-inch siphons, diverted lvater
acre-feet (af)) was installed on the siphon inintermittently off the South Fork of the
1993 to record velocity and sample volumeMokelumne River to corn and wheat fields.
measurements. The maximum flo~v capac-During sampling from June through Au-
ity from this diversion ~vas approximatelygust 1993, a flo~vmeter (Marsh-McBirney,
22 cfs but actual flows were typically lessInc. model 2000 ) ~vas placed directly in the
than this, varying over time. ~vater flow at the mouth of the sampling

net.
Sites 2 and 2B were located in the

south delta on the eastern side of BaconThis site ~vas intended primarily as a
Island (Reclamation District 2028). Dur-sampling site for concurrent efforts by
ing the study, these two siphons divertedDFG~also to evaluate diversion impacts
water from the Middle River into a ditch toon delta fish. It was sampled a total of 6
irrigate about 350 to 380 acres of potatoes,days in the latter portion of the season by
as ~vell as s~veral acres of corn and sun-DWR and DFG personnel. Because the
flower (Campbell pers. comm.), sample size is small and temporal compari-

C--115692
C-115692



Technical Report 61

sons could not be made with other sites,Diversion Sampling for Early-life
data from Site I0 is presented separately inStage Fish using an Egg and Larval

~" Appendix A. More substantial data fromNet
this site (and others) is reported elsewhere
(DeLe6n 1994; Griffin 1993). A 2.4 m egg and larval net made of 505

micron nylon mesh with a 0.3 m2 opening
was used to collect early-life stage fish. At

Description of Channel Sites all diversion sites, the net xvas mounted on
a plastic pipe frame and staked in the ditch

Three delta channel sites, located ina few feet downstream of the area of turbu-
the vicinity of diversion Sites 1, 2, and 4,lent flow. Therefore, only a portion of the
were also sampled. The sites were codedtotal volume of water diverted was sam-
after DFG Egg and Larval Survey samplingpled. It was assumed that early-life stage
stations. They included Site 49 located onfish were uniformly distributed in the
the San Joaquin River at Oulton point ad-water column. A flowmeter (General
jacent to the Txvitchell Island diversionOceanics model 2030) was mounted in the
(Site 1), Site 932 on Middle River near themouth of the net t~ estimate the volume of
Bacon Island diversions (Sites 2 and 2B),~vater sampled in cubic meters. These
and Site 93 on Old River near the Nagleemeasurements were later converted to
Burk diversion (Site 4) (Figure 1). acre-feet.

X~rater temperature (in degrees Fahren-
Categorization offish by Length heit) and electrical conductivity (in mi-

croSiemens per cm) were recorded with
A length criterion xvas developed toeach sample. Fish were collected in a 0.95

compare entrainment susceptibility be-liter collecting jar, screened with 470 mi-
:....... .    tween fish. Delta smelt, one of the primarycron xvire mesh attached to the cod end of
~.~,.. species of special concern for this study,the net. Sampling periods ~vere approxi-

was used as a model to distinguish fishmately five to ten minutes depending on
able to pass through a certain net meshdebris load. Total sampling effort varied
size from those unable to. By 30 mm TLacross sites and years (Table 2). After col-
delta smelt are in juvenile stages (ie. xvhenlection, the samples were transferred to
young take on the appearance of the adult)0.95 liter storage jars.
(~Vang 1986)). Thirty mm Delta smelt are
retained by a 3 mm mesh net (Young and A solution of 5 percent formalin was

Cech 1994). used to preserve the specimens for later
identification by an independent contract

From these observations it xvas deter-laboratory. Rose bengal dye xvas added to
mined, for purposes of this study, that fishincrease specimen visibility. Eggs and lar-
measuring 30 mm TL and above would bevae were counted and identified to species.
classified as later-life stage fish and tho~eStriped bass eggs were recorded as dead,
under 30 mm TL xvould be classified asin morula, or in early- or late-embryonic
early-life stage fish. Note, hoxvever, thatstages. Larval fish xvere identified to spe-
because different species exhibit substan-cies, though in some cases, they were only
tial size variability and morphology at dif-identified to genus or family. Larvae ~vere
ferent life stages, not all life stages of somemeasured to the nearest tenth of a millime-
species can accurately be classified underter total length (TL). Delta smelt and
the conditions of these length criteria, striped bass measurements were also re-

corded in standard length (SL).
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Sampling days were planned for ap-outfall. Instead, a 4.9-m fyke netwas used.
proximately t~vo days per ~veek but variedThis net ~vas made of 3.2 mm mesh with
substantially over time, infrequently ap-2.7 m flanked wings and a nylon 3.2 mm
proximating this schedule except during(one-eighth inch) mesh live box at its end.
several periods at Site 2. At all sites, butThe net ~vas positioned as close as possible
particularly at Sites 1 and 4, total samplingto the mouth of the outfall to sample most
effort was frequentlY less than one 10-m-of the flow. Sandbags also were placed
inure sample per ~veek. All diversion sitesalong the bottom edges of its frame and
were sampled for eggs and early- and later-wings to discourage fish from escaping
life stage fish in 1993. from the net. The distance of the net from

the mouth of the outflo~v varied and wasSampling effort across years.varied
never adequate to capture 100 percent ofsubstantially and was comparable only atthe outfall. The proportion of outfall sam-

Site 2. Sampling at Site 1 for eggs andpied, therefore, is unkno~vn.
early-life stage fish ~vas li.mited in 1993 and
1994 due to persistent silt loading withinThe fyke n~ts were generally deployed
the diversion causing destruction of eggsfor three to six hours during each sampling
and early-life stage fish. For this reasonperiod. Occasionally, longer sampling peri-
sampling was discontinued after May 12,ods were conducted (up to 24 hours) to
1994. Sampling at Site 2B did not occur inprovide data for comparing day and night
1994 or 1995 because that siphon was notcatches. Fish were collected from the live
operated in those years. Sampling forboxes ever), one to t~vo hours, transferred
early-life stage fish was not conducted atto 0.95 liter storage jars or 20 milliliter
Site 4 in 1994 or 1995. vials depending on the size of the fish, and

preserved in 5 percent formalin.

Diversion Sampling using a Fyke Net Despite variations across sites, the
sampling effort using the fyke net was sub-

A 7-m fyke net made of 3.2 mmnylonstantially greater than the effort for sam-
mesh was used to collect later-life stagepling early-life stage fish in the diversions
fish at Sites 1 and 2. This net also collectedusing the egg and larval net (Tables 2 and
many early-life stage fish. Sampling fre-3).
quency varied from one to t~vo days per
week to once per month. A xvooden live boxSimultaneous Channel and Diversionwas attached to the end of the net. The
mouth of the fyke net was attached as closeSampling

to the mouth of the diversion as possible in
an effort to sample 100 percent of the out-¯ On seven days in 1994, sampling ~vas

simultaneously conducted in the channelsfall. AtSite2, 100percentoftheoutfall~vas
and at two nearby diversion sites. Sam-passed through the fyke net.
pling for early-life stage fish was conducted

At Site 1, it ~vas not possible to captureusing an egg and larval net in both the
the entire outfaI1 due to the architecture ofchannels and diversions. Sampling for
the diversion. Furthermore, the live boxeslater-life stage fish was conducted using a
at both Sites 1 and 2 ~vere too heavy to liftfyke net in the diversions and either a
when full. Therefore, prior to lifting them,to~vnet or a midwater tra~vl in the cha~..-
sbme of the ~vater ~vas drained out andnels.
during this time fish may have escaped.

The to~vnet consisted of a 4 m netFor these reasons, the actual proportion of
the fish captured is unknown, made of 1.3 cm stretch nylon mesh. The

mid~vater trawl was made of nine 1.5 m
At Site 4 the 7-m net could not be used sections, ~vhich graduated in mesh size

due to the unique size and shape of the from 20.3 cm at its mouth to 1.3 cm at its
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cod end. The net measured 18 m with a 3.7channels for either five or ten minutes. All
...... m2 mouth opening. Early-life stage fishfish collected ~vere identified to species

were simultaneously sampled at Sites 2(~vhere possible), counted, and measured
and 932 on May 5, 1994. Later-life stageto the nearest millimeter TL. Those fish
fish were simultaneously sampled at Sitesthat could not be identified in the field were
2 and 932 on July 7, 1994 and at Sites 1preserved in five-percent formalin and sent
and 49 on July 11,.September 29,Octoberto an independent contract laboratory for
5 and October 17, 1994. No simultaneousidentification. Water velocity (in cfs}, vol-
sampling for early-life stage fish was con-ume sampled (in at), temperature (in de-
ducted at Site 1 due to silt loads in thegrees Fahrenheit) and electrical
diversion. No simultaneous sampling ofconductivity (in microSiemens per cm)
either early- or later-life stage fish ~vas~vere also recorded at the time diversion
conducted at Site 4 due to placement of aand channel samples were collected.
temporary barrier ~vithin the channel that
prevented boat access to the channel site.

Additional Channel Sampling
Tow:net gear ~vas used in the’channel

at Site 49 on July 11, 1994 and at Site 932 Channel sampling that was not simul-
on J,uly 7, 1994. Midwater tra~vl gear xvastaneous with diversion sampling ~vas also
used at Site 49 on the remaining days thatconducted. This data is provided as a
simultaneous sampling was conductedqualitative demonstration of how catch re-
(May 11, September 29, October 5 andsuits can vary over time and space. Note
October 17, 1994). Mesh sizes differed be-that variation in catch results, however, is
tween gears used to capture later-life stagealso gear dependent and gear efficiencies
fish. For example, mesh size of the townetcan vary substantially (Rozas and Minello

.... ~vas 2.46 times larger than that of the fyke1997). Additional channel sampling was
~:,,.,~, net. Mesh sizes of the midwater tra~vl netsconducted at Sites 49, 93 and 932 for

were up to 6,344 times larger than that ofearly-life stage fish each year between
the fyke net. These substantial differences1993 and 1995 using a 505 micron egg and
must be considered xvhen reviewing thelm-val net (Appendb: B).
capture results as catch efficiency and
mean lengths of fish captured may vary In 1993, Channel Sites 49 and 932
significantly across gear types (Rozas andxvere sampled by mid~vater tra~vl for later-

Minello 1997). life stage fish on two days in late August,
by townet on seven days during summer

The water volume applied to the to~vnetmonths, and by otter trawl on one day in
data was 0.596 af per to~v. This is thelate September (Appendix C).
amount estimated by the U.S. Fish and
Wildlife Service (USFWS) for a 10 minute
toxvnet sample using a similarly sized net.Data Treatment
Water volumes sampled by the mid~vater
trawl ~vere calculated using the formula Net efficiencies xvithin the diversions
totalmeter x area x k, where totalmeterxvere not determined. Therefore, neith&r
equals the number of revolutions from athe fyke net nor the egg and larval net’s
flo~vmeter (General Oceanics Model 2030)effectiveness in collecting different sized
attached to the net, area equals the area offish from the diversions is kno~vn. Lack of
the mouth of the net (13.69m2), and k is aknowledge about net efficiencies and the
constant (26873/999999) ~vhich convertsrate of net avoidance by fish both affected
flowrneter revolutions to distance in me-the ability to estimate total entrainment.
ters. For these reasons, only catch per unit ef-

fort (CPUE) (the number of fish captured
Regardless of tidal stage or net type, per af of water sampled) is reported. Note([

nets were deployed in oblique to~vs in the that CPUE represents minimum capture
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rates. Due to inherent, but uncluantifiedFor each diversion site CPUE, calcu-
gear variability, combined with site-spe-lated from samples collected during the

.... cific habitat differences, catch and CPUEday, were compared ~vith those collected at
reported from the diversions should onlynight. If sampling began after sunset but
be compared within sites, before sunrise, the sample was termed a

Efficiencies for the townets and mid-
"night" sample. If sampling began between
sunrise and sunset, the sample was

water tra~vls used in the channels ~veretermed a "day" sample.
also not determined. However, these chan-
nel sampling methods are kno~vn in gen-The t~vo groups were analyzed using a
eral to have low efficiency and high t-test for dependent samples to determine
variability (Rozas and Minello 1997).if there was a significant difference be-
Therefore CPUE reported from the channeltween CPUE. A p-value of less than or
samples is only useful for indicating someequal to 0.05 ~vas chosen as the determin-
of the species present in the chann.els anding criteria. Note however that this i~naly-
their relative abundance ~vith respect tosis too was conducted under the
capture rates. Because of habitat variationassumption of lo~.~ variability in gear effi-
across time and space, and behavioral vari-ciency.
ation among fish species and life stages,
relative within sample abundances prob-
ably varied across time and location, and
are, therefore, not comparable.
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Results

Diversion Sampling for Early-life Site 1 was equal to that at Site 4. CPUE of
Stage Fish using an Egg and Larval all fish also appeared to vary somewhat
Net across years and sites but small observed

numbers of lat.er life-stage fish, uncertain
Data collected from Sites I, 2B, and 4gear efficiencies, and spatial variability do

were not analyzed because of small samplenot permit statistical comparisons.
sizes and unequal effort across sites (TableThe obser~’ed number of species of
2), but are presented separately in Appen-later-life stage fish varied across diversion
dix D. sites. However, within sites, the total hum-

Total CPUE at Site 2 varied acrossbets of species remained relatively consis-
years from 792.5 in 1993 to 144.6 in 1994tent between years (Tables 8 - I0). The
to 547.0 in 1995 (Tables 5 - 7). Catch pertotal number of ~pecies captured was
unit effort for individual species also variedgreatest.at.Site I. At least 15 species were
(Tables 5 - 7). In 1993 threadfin shad andcaptured at Site 1 per year, compared to at
bigscale logperch were the two most abun-least 7 at Site 2, and 5 each year at Site 4.
dant species captured. Prickly sculpin and
shimofuri goby were the most abundantOne chinook salmon was recorded at
species captured in 1994. In 1995 thread-Site 1 in 1994 and 1995 (Tables 9-10).
fin shad and centrarchids ~vere the mostLengths were 90 and 105 mm TL respec-abundant fish captured. The total numbertively (Figure 3). At Site I, four later-life
of taxa recorded was 8 in 1993, 7 in 1994stage delta smelt measuring 30 to 36 mm

t~...... and 5 in 1995. In 1993, five early-life stageTL were recorded in 1994 (Table 9 and
delta smelt were recorded (Table 5). NoFigure 3). In 1995 one splittail measuring
early-life stage chinook salmon, longfin52 mm TL ~vas recorded at Site 2 (Table I0smelt or splittail were recorded. and Figure 4). Catch per unit effort of later-

Length frequency distributions ~verelife stage striped bass ranged from 0.02 to
some~vhat similar across years (Figure 2).0.04 at Site I, and 0 to 0. I at Sites 2 and
Median standard lengths xvere 6 mm in4 (Tables 8-10).
1993 and 1995 and 8 mm in 1994. Distri- Later-life stage fish observed in rela-
butions in all years were skexved to~vardstively higher densities at Site 1 weresmaller sizes, mosquitofish (CPUE .= 0.15) and inland

silversides (0.08) in 1993 (Table 8), yellow-

Diversion Sampling using a Fyke Netfin gobies and shimofuri gobies (CPUE =
" 0.15 and 0.12 respectively) in 1994 (Table

More than ninety percent of fish cap-9) and threadfin shad (CPUE = 0.09) in
tured ’at Sites I, 2, and 4 during the study1995 (Table I0). At Site 2, these were yel-

period were early-life stage size (Tables 8-1owfin gobies (CPUE = 0.07) in 1993 (Table

I0). ,is a result, catch per unit effort of8), white catfish and shimofuri gobies

later-life stage fish was substantially less(CPUE = 0.04 and 0.04 respectively) in

overall than for early-life stage fish. At1994 (Table 9) and bluegill (CPUE = 0.05)
Sites 1 and 2, CPUE was also relativelyin 1995 (Table I0). At Site 4, highest ob-
more consistent across years (Tables 8-10).served densities were of threadfin shad
Less than 1 fish total ~vas recorded per afand white catfish (CPUE = 0.31 and 0.17
of water sampled at any site each year.respectively) in 1993 (Table 8), prickly

. Total CPUE was highest at Site 1 in allsculpins and ~vhite catfish (CPUE = 0.02

years except in 1993. That year, CPUE atand 0.02 respectively) in 1994 (Table 9)
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and white catfish (C£UB = O. 17) ~n 1995 by catfish. Data was not available to caJcu-
(Table 10). late CPUE for channel samples.

Sixteen fish were recorded at Site 2B in Of the six species observed, during si-
1993. Fourteen were early-life stage fish,multaneous sampling at Sites 1 and 49 on
including shimofuri goby, yellowfin goby,July 11, 1994, five were observed in chan-
striped bass, threadfin shad and centrar-nel samples compared to four in the diver-
chids. The others were two later-life stagesion (Figure 8). Threadfin ’shad had the
fish, a yellowfin goby and a shimofuri goby.highest relative capture rate in the diver-

sion but were not captured with the townetLengt}l ranges of later-life stage fish in the channel. Fish collected with the
within sites ~vere somewhat similar be-to~vnet measured 26 to 66 mm TL. Fish
tween years (Figures 3-5). Length ranges atcaptured in the diversion measured 16 to
Site 1 were 30 to 390 mm TL in 1993, 30 to34 mm TL.
330 mm TL in 1994 ~nd 30 to 334 mm TL
in 1995 (Figure 3). At Site 2, fish measured Species captured showed little overla~
30 to 347 mm TL in 1993, 30 to 335 mm TLbetween the channel (Site 49) and the di-
in 1994 and 30 to 265 mm TL in t995version (Site 1) when midwater trawl gear
(Figure 4). Length ranges at Site 4 ~vere 30was used in the channel. Species observed
to 170 mm TL in 1993, 31 to 250 mm TL inin the diversion were not observed in the
!994, and 30 to 140 mmTLin 1995 (Figurechannel, ~vith the exception of threadfin
5).. shad on September 29 and October 5,

1994 and striped bass on May 11, 1994
(Table 13). On September 29, October 5,

Simultaneous Channel and Diversion and October 17, 1994, when capture of
Sampling American and threadfin shad was rela-

..,- tively high in channel samples, observed
~,~,..:~. Species recorded from simultaneousentrainment of this species in the diversion

sampling appeared to differ bet~veen thewas relatively low.
channel and diversion. At least seven spe-
cies of early-life stage fish were collected in Species compositions at Site 49 ap-

the channel (Site 932) compared to two inpeared to vary seasonally (Table 13). For
the diversion (Site 2) (Table 11). Pricklyexample, delta smelt, prickly sculpin, yel-
sculpin was most common (CPUE = 67.1)lowfin goby and ictalurids were only cap-

in the channel follo~ved by shimofuri gobytured in May. Chinook salmon and
(CPUE = 65.2) and striped bass (CPUE =cyprinids were captured in the channel in
28.0). T~vo delta smelt (CPUE = 1.0) ~vereMay, September, and October. Threadfin
also collected in the channel. T~vo pricklyand American shad and shimofuri gobies

sculpin and two bigscale logperch (CPUE =were only captured during September and

12.0 each) were observed in the diversion.October. Simultaneous sampling, however,
Median body lengths ~vere similar (7 mmonly occurred on one day in May, July and

TL) for fish collected at both sites (FigureSeptember and on t~vo days in October.

6). Because of these small sample sizes, no
valid conclusions can be drawn about sea-

Length range, number of species andsonal variation of species composition in
total number of later-life stage fish cap-the diversion at Site 1.
tured during simultaneous sampling dif-
fered between the channel (Site 932) and During simultaneous sampling using
diversion (Site 2). Seven species measuringthe mid~vater trawl, the relative magnitude
24 to 89 mm TL were observed in channelof catch per unit effort at Sites 1 and 49

samples (Table 12 and Fig.7). Striped bassvaried across months. On May 11, 1994
(i was most common in the channel follo~vedCPUE ~vas greater for all species captured

in the diversion than in the channel (Table
13). On the other three days, CPUE was

10
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generally higher for fish captured in theSite 2in 1994 and 1995 (p >_ 0.05) (Table
channel. 14). An insufficient number of paired sam-

There ~vas little overlap in body length
pies (n < 2) from Site 1 in 1993 and 1994

between fish captured in the channel (Siteprecluded diurnal comparisonof entrain-
ment densities of early-life stage fish at49) by midwater tra~vl and those caught atthat site.diversion Site 1 (Figures 9-12). Fish caught

in the diversion tended to be smaller. This In contrast, sampled densities of later-
is. hoxvever, most likely a co.nsequence oflife stage fish were significantly greater at
tl~.e small mesh size used in the diversion,night than during the day at Site 2 in 1993

and 1995 (p < 0.05), and at Site 1 in 1994On two days, measurements of fish(p < 0.01) (Table 14). Note however that
caught in the channel were mistakenly re- -
corded in fork length {Figures 9 and 12)

under an assumption of high potentialgear
efficiency variability, these results couldindicating that the size overlap would havediffer.

~ee~. less had total length beeri measured.
Of the larger fish obse~’ed in the channel,
four ~vere chinook salmon, two ~vereSeasonal Er~trainment
striped bass and one a carp. The larger fish
observed in the diversion included one Total species numbers ~v.ere largest
largemouth and three striped bass. Onefrom May through August, when the vast
delt.a smelt (23 mm TL) was caught at Sitemajority of sampling effort occurred {Table
I during simultaneous sampling on May15). Sampling intensity was, ho~vever, also
l 1. !994 (Figure 9). proportionately greater in those months.

No sampling ~vas conducted from February
Day and !Nigl~t Fist~ Density                through March in any year. The period

bet~veen November and January was only
Comparisoz~s sampled from November 1993 through

January 1994.
Catches of entrained eaNy-life stage

fish were not significantly different be-
tween day and night samples collected at

11
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Discussion

Quantitative estimates of site specific Early-life stage fish may also be more
fish entrainment Were not accomplishedvulnerable to entrainment because of un-
largely because of insufficient samplingder developed swimming ability. For exam-
over the irrigation period, a result of staffple, because young striped bass under !7
and equipment limitations and lack of co-mm standard length are poor swimmers,
operation from diversion operators. In ad-they are likely entrained more often than
dition, most sampling occurred during larger striped bass (Allen 1975). Note,
daylight hours though diversions were con-however, that because.the sampling meth-
tinuously active for several days at a time.ods used in this study to collect larger fish
While generally higher fish densities col-were not entirely efficient,:comparisons of
lected at night from Sacramento-San the relative number~ of larger and smaller
Joaquin delta diversions have been ob-numbers offish are not valid.

:served else~vhere (e.g., Pickard et al. 1982), Catch Per Unit Effort calculations de-the small amount of nighttime sampling in
this stud), precluded conclusions aboutrived from this study tend to suggest that

daytime versus nighttime entrainment,relatively higher numbers of bottom ori-

Because of this, no point estimates of dailyented fish and relatively loxver densities of

entrainment ~vere obtained either, special status species like chinook salmon
and delta smelt were entrained. The larger

The results of this study do, however,numbers of bottom oriented species ob-
suggest that small-scale diversions ~vithinserved in this study may reflect increased
the Sacramento-San Joaquin delta can en-vulnerability during epibenthic foraging

~
..... ~ train a large diversity of fish species, at{Urquhart pers. comm.). The sampling re-
~.~..... least from May through August, whengime of this study, however, was not suffi-

young-of-year (YOY) of many species are ciently consistent to confidently identify
present. Furthermore, the actual numberrelative densities of fish species entrained.
of entrained fish can be large. Because the
period of high YOY abundance overlaps Because actual channel densities ofwith the prin.cipal agricultural season,fish are not kno~vn, it is impossible to sepa-substantial numbers of fish may be lost to
irrigation operations each year. rate density effects from behavioral and life

stage effects contributing to entrairiment
The results also tend to suggest thatvulnerability. The large numbers of thread-

small, unscreened diversions may entrainfin shad entrained at times demonstrate
a greater number of smaller than largerthe potential for entrainment of surface
fish. Similar results were also reportedoriented species. Failure to observe many
from~ this program’s pilot study (Spaarindividuals of species such as salmon and
1994). Speculatively, fish in early-life delta smelt may therefore have been a con-
stages may become entrained in highersequence of small sample sizes, species
densities than later-life stage fish for sev-distribution patterns during the sampling
eral reasons. Larval fish can potentially beperiod, and/or species specific behavior.
more abundant in adjacent channels than

The virtual lack of overlap in speciesolder fish in areas of high spawning suc-’
cess. Additionally, the seasonal timing ofobserved bet~veen the channels and diver-

active diversions often coincides xvith peri-sions from simultaneous sampling efforts

ods of high ~bundance of eggs and larvae. suggest that results from midchannel sam-

in adjacent channels (Miller pers. comm.) piing cannot be used to predict those spe-
cies most likely to be entrained or the total
number of fish lost to entrainment. This is

13
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most likely because habitats, and thereforedensity estimation, based on channel sam-
species compositions, vary bet~veen midple observations, .will be a challenge for
channel and near shore locations. Mid-future studies.
channel species and life-stages may there- Through this study ~ve have gained afore not be expected to occur as often in

broader understanding of tile difficultiesdiversions. For example, American shad, ainvolved with assessing fish entrainmentmidchannel species, was regularly col-
lected from the channels, but rarely fromin agriculture diversions. A combination

the diversions. The substantial differencesof variable study design and s.ampling

in gear types and net mesh sizes used,methodology, and-small sample sizes,

however, could also account for part of thebrought about, in part, by uncontrollable

variation in species observed bet~veenconfounding events, precluded achieve-

channel and diversion sites, ment of orie of this study’s objectives - to
evaluate entrainment losses of resident

It is not presently possible to identifyand migratory fish species at several agri-
the proportional effect of the impacts agri-cultural diversion sites.
cultural diversions have on resident and The difficulties associated with accom-migratory delta fish. This is due mainly toplishing the study’s other objectives - toour inability to quantify population sizesdevelop reliable means of estimating fishand d°emographics in an open and highly
variable system like the Sacramento-Sanentrainment, and to determine the suscep-

’ Joaquin delta. Because we lack this infor-tibility of fish species to entrainment rela-

mation, ~ve cannot relate data from fishrive to their abundance and life stages in

captured in diversions to population leveladjacent Delta channels are also now
better understood. Because channel habi-effects on species in the system. Further-

more, because environmental variables,
tat varies over time and space throughout

~~. such as outflow and water quality, ~vhich
the Delta, high spacio-temporal variability

¯ affect fish distributions, change over time,of channel species composition and densi-
ties must be assumed. The data in _Appen-and because fish behaviors are complex

and variable, the ability to predict futur~dix C indicates such variability ~vithin the
channel sites included in this study. As aimpacts does not exist,
result, reliable extrapolation of entrain-

Near shore sampling ~vith the goal ofment measures from a sampled diversion
determining species presence could poten-to another site separated by time or loca-
tially be accomplished. Such efforts, how-tion iS not possible.
ever, should not occur simultaneously ~vith Fortunately, some of the difficulties
diversion sampling as this could effect be-
havior of the fish and therebv entrainment,encountered during this study can be re-

duced in future ones. To do so, a concise.Because channel sampling is generally
characterized by low and highly variabledetailed set of objectives must be prepared

"efficiencies (Rozas and Minello 1997), fishalong ~vith a thorough analysis of their

density comparisons betxveen channelsattainability, followed by careful planning

and diversions, as well as entrainmentand implementation.

14
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Recommendations

A sufficient body of information, re-(i) Identify clear obtainable study objec-
quired for the development of managementtires and focus, define and outline
plans for small agricultural diversions inquestions in scientific form.
the delta, was not produced by this study.(2) Define adequate study designs and
Further procedures and evaluations are
suggested ~vhich should provide the basismethodology prior to initiating field

for better decision making. Recommenda- investigations. Data should be sub-

tions include altering study objectives to
jected to statistical analysis.

produce a higher expectation of accom-(3) Previous studies within the Sacra-
plishment, continuing discussion betweenmento-San Joaquin delta (e.g., Spaar
kno~vledgeable persons, and creating well 1994, Wadsworth 199.8), designed to
planned studies to address specific ques- evaluate fish entrainment in agricul-
tions. Reconmiendations are as follows, rural diversiqns have been conducted

on limited geographical scales. Con-
. ~Omit the goal of extrapolating species sequently the present body of infor-likely to be entrained, and total entrain-

mation is inadequate for planningment estimates of fish, from sampled to and management purposes. Studies
unsampled diversions unless studies in-should be conducted over abroader.volve statistically determined adequate geographical region. This ~vould pro-sample sizes of diversions across all water

vide more reliable data about speciesyear types. This would be a lengthy project, vulnerability to entrainment overall.involving many years and considerable ex-and better identify factors associatedpense.~.~.._, .. with entrainment. Study. sites should
~.... ¯ Conduct a thorough literature review in- be chosen where factors limiting ap-

cluding studies from other geographic re- propriate study design and methodol-
gions, ogy are minimized.

.. Plan a forum for discussion within a Pro- ~Locate study sites where diver-
ject Work Team or a special colloquium sions have operational frequency
about: sufficient to enable at least eight~ sampling days per month from
(1) relationships of sampling results April through August.

bet~veen channels and diversions.
~Ensure that communication and

(2) methods for sampling channels and di- cooperation with site managers is
versions that ~vould increase data re- established and maintained, per-
liability, mitting ready site access and no-

(3) methods for simultaneously sampling tice of diversion operation.
channels and diversions. ~ Ensure adequate staff and equip-

(4) possible means of modeling entrain- ment allocation to meet sampling
ment losses at unsampled diversions protocol including minimum sam-
based on results from sampled diver- pie size requirements.
sions separated by space and/or ¯ Design and conduct additional studiestime. that would qualitatively assess potential

¯ Continue studies to assess the relativedifferences in the magnitude of entrain-
magnitudes of entrainment at unscreenedment of total numbers, life stages and
agricultural diversions and the patterns ofspecies between screened and unscreened

~.~ daily, seasonal, and annual loss of fish.diversions.Studiesshouldincludedelta

15
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diversions where side by side intakes serve(9) At least one diversion at a site should
as experimental and control treatments, be screened and at least one left un-
Data from both screened and unscreened screened.
intakes allow numerical estimation of the
types, sizes and abundances of fish ex-(10) Sampling should be conducted at

cluded from diversions by screens and how least twice per week, if not more
often.these differ across seasons. See Appendix

E for results of an earlier study of fish (11) Sampling should include equally
entrained by a screened versus an un- weighted random sampling during
screened agricultural diversion. Such day, night and crepuscular
studies also serve as further means of periods.
evaluating the effectiveness of screens in-

(12) Sampling methods should ensurestalled on intakes for mitigation purposes.
Limitations ~vould still include the inability that 100 percent of the diversion

outfall is strained during each ,’to extrapolate results between years or
across sites. Calculated estimates could, sampling period.

however, indicate trends in annual en- (13) Samples shc~uld be collected ateach
trainment and identify specific sites ~vhere site during those months in which
mitigation efforts to reduce or avoid en- agricultural diversions are poten-
trainment would be most beneficial. Fea- tially operating.
tures of such a study should include the
following: (14} Sampling should be conducted over

at least a three-year period at
(1) Site locations should be chosen ~vhere each site.

the occurrence and relative abun-
dance of fish in adjacent channels in (15) Data from existing delta channel sur-

known to be great, This is important veys (e.g., DFG’s Global Position-

because fish entrainment, theoreti- ing System data (related to the
cally, is, at least in part, a function of delta agricultural diversion inven-

channel density, tory), resident fishes survey, mid-
xvater trawl survey, townet survey,

(2) Residence times of species of concern and egg and larval survey,
should coincide ~vith the primm-y irri- USF\VS’s salmon trawling and
gation season, beach seine survey, and D’~VR’s

(3) Diversions should have high operation egg and larval survey) can be used
to determine fish occurrence tofrequency,                                       the extent that the data is useful.

(4) Diversions should be active through-
. A companion lab6ratory study should beout the primary irri~ation season.

designed to compliment field work by ad-
(5) Sites should have at least t~vo side by dressing questions difficult to investigate

side diversions~ in the field. Such a laboratory study

(6) Sites must be accessible for sampling,should examine:

(1) density effects on entrainment.(7) Sites must have a source of power on
site or the installation of po~ver must (2} species and life-stages most vulner-
be possible, able to loss through impingement on

(8) Intake screening should be feasible, diversion screens.

16

C--115705
C-115705



Delta Agricultural Diversion Evaluation Summary Report, 1~93-1995

References

A11en, D. H. 1975. Loss of striped bass (Morone saxati/ts) eggs and young through small,
agricultural diversions in the Sacramento-San Joaquin Delta. California Department
of Fish and Game, Anadromous Fisheries Branch Administrative Report No. 75-3.

Brown, R. L. 1982. Screening agricultural diversions in the Sacramento-San Joaquin Delta.
Available from the California Department of Water Resources, Environmental Services
Office, 3251 S Street, Sacramento, California 95618.

DeLedn, S. 1994. Striped Bass Stamp Fund agricultural diversions quarterly report, May- July,
1994. Available from the Department of Fish and Game, Bay-Delta Division, 4001

. North Wilson Way, Stockton, California 95205.

Griffin, S. 1993. Monitoring of an unscreened agricultural diversion on the San JoaquinRiver
at McMullin Tract, Public Notice No. 199200393, San Joaquin County, California,
May-July 1993. Available from the Department ofFish and Game, Bay-Delta Division,
4001 North Wilson Way, Stockton, California 95205.     ~

Grit.z, W. J., Stevens, D. E. 197 I. Distribution of young king salmon (Oncorhynchus tshawytscha)
in the Sacramento River near Pittsbur~. California Department of Fish and Game,
Anadromous Fisheries Branch, 1416 9u" Street, Sacramento. California 95616.

Hallock, R. J., Van Woert, ~V. F. 1959. A survey ofanadromous fish losses in irrigation diversions
from the Sacramento and San Joaquin Rivers. Califorrda Fish and Game Bulletin
45(4): 227-293.

Hatton, S. R. 1940. Progress report on Central Valley fisheries investigation. California Fish and
Game Bulletin 26(4): 334-372.

P̄ickard, A., Baracco, A., Kano, R. 1992. Occurrence, abundance and size offish at the Roaring
River Slough intake, Suisun Marsh, California during the 1980-81 and the 1981-82
diversion seasons. Interagency Ecological Study Program for the Sacramento-San
Joaquin Estuary. Technical Report 3 (FF/bio-4ATR/82-82).

Rozas, L. P., Minello, T. J. !997. Estimating densities of small fishes and decapod crustaceans
in shalloxv estuarine habitats: a review of sampling design with focus on gear
selection. Estuaries 20[1): 199-213.

Sasaki, S. 1966. Distribution and ibod habits of king salmon, Onchorhynchus tshawytscha, and
steelhead rainbow trout, Salmo gairdnerii, in the Sacramento-San Joaquin Delta, pp.
108-114. In: Jerry L. Turner and D. W. Kelley (editors) Ecological Studies of the
Sacramento-San Joaquin Delta, Part II. California Department of Fish and Game
Bulletin 136: 1-168.

Spaar, S. A. 1994. Delta agricultural diversion evaluation -1992 pilot study. Interagency
-Ecological Studies Program for the Sacramento-San Joaquin Estuary Technical
Report 37.

S~veetnam, D. A., Stevens, D. E. 1991. Delta smelt study plan. Available from the California
Department of Fish and Game, Bay-Delta Division, 4001 North Wilson Way, Stockton,
California 95205.

Wadsworth, K. 1998. 1993 and 1994 Lakos Screen Evaluation. Available from the California
Department of Water Resources, Environmental Services Office, 3251 S Street,
Sacramento, California 95618.

Wang, J. 1986. Fishes of the Sacramento-San Joaquin estuary and adjacent ~vaters, California:
a guide to the early life histories. Interagency Ecological Study Program for the
Sacramento-San Joaquin Estuary. Technical Report 9.

17

C--115706
(3-115706



Technical Report 01

~/ickwire, R. H., Stevens, D. E. 1971. Migration and distribution of young king salmon,
Oncorhgncht~s tshawgtscha~ in the Sacramento Pdver near CollLnsviLIe. Admin~ist~:atige
Report No. 71-4. Available from the thCalffornia Department of Fish and Game,
Anadrornous Fisheries Branch, 1416 9 Street, Sacramento, California.95616.

Young,. P. S., Cech, J. J. 1994. Delta smelt (Hypomesus transpacificus) morphometry and its
use for calculating screen mesh size and vertical bar interval. Available from the
Department of Water Resources, Environmental Services Office, 3251 S Street,
Sacramento, California 95618.

Personal Communications

Beck, Ron. Farmer, T~vitchell Island. Conversations in 1994.

Campbell, Mal-k. Farmer, Bacon Island. Conversations in 1993 - 1995.

Miller, Lee. Senior Biologist, California Department of Fish and G~me, Bay-Delta Division.
Conversation on November 7, 1997.

RaqueL Paul. Fisheries Biologist, California Department of Fish .and Game, Inland Fisheries
Division. Conversations in 1996 and 1997.

. Urquhart, Kevin. Senior Fisheries Biologist, California Department of Fish and Game, Bay-Delta
Division. Conversation on January 7, 1998.

18

5707
C-115707



Delta Agricultural Diversion Evaluation Summary Report, 1993-1995

Tables 1-15

19

C--115708
C-115708



Technical Report 6"~

2O

C--115709
C-115709



Delta Agricultural Diversion Evaluation Summary Report, 1493-1995

Table 1. Potential Factors Influencing the Rate and Magnitude of Fish Entrained
in Unscreened Agricultural Diversions

Biological Factors

Life stage of the fish
Seasonal occurrence of fish in the source channel
Abundance of fish within the source channel
Distribution of fish within the source channel
Feeding behavior of the different fish species
Spawning behavior of the different fish species

Diversion Specific Factors

Seasonal timing of diversion operations
Frequency of diversion operations
Duration of diversion operations
Flow rate through diversion
Total volume of water diverted
Orientation of diversion in the channel
Depth of diversion in the channel

Environmental Factors
Time of day
Tidal change and current .velocity
Turbulence
Channel bottom configuration
Turbidity
Type of local aquatic habitat (e.g. vegetated or unvegetated)

Adapted from Spaar 1994.
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Table 2. Summary of Diversion Sampling for Early-life Stage i~ish
Using an Egg and Larval Net, 1993-1995

Site 1 Site 2B Site 2 Site 4
Twitchell Bacon Island, Bacon Island, Naglee
.Isl~.nd 14" siphon 16" siphon Burk

1993

Sampling period 6/28 - 7/14 7/13 - 7/27 5/4 - 7/9 5/24- 6/23
Number of days sampled 2 2 22 6
Total number of samples 2 7 100 9
Acre-feet sampled 0.019 0.043 1.045 0.232

1994

Sampling period 1/19 - 5/12 N/A 4/26 - 7/8 N!A
’Number of days sampled 5 21
Total number of samples 6 78
Acre-feet sampled 0.072 1.121

1995
Sampling period N/A N/A 5/30 - 7/11 N/A
Number of days sampled 11
Total number of samples 20
Acre-feet sampled 0.040

N/A = site not sampled.
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Table 3. Summary of Diversion Sampling Using a Fyke Net, 1993-1995

Site 1 Site 2 Site 4
Twitchell Island Bacon Island, Naglee Burk

16" siphon

1993

Sampling period. 6/11/93- 1/19/94 4/28- 10/14 5/24 - 8/31
Number of days sampled 28 47 11
Total number of samples 122 228 38
Acre-feet sampled 143.16 257.30 ,191.10

1994

Sampling period 4127 - 10!17 4/26 - 8f2 6/1 - 8/30
Number of days sampled 28 31 11
Total number of samples 130 191 36
Acre-feet sampled 136.79 167.02 171.07

1995

Sampling period 6/5 - 8/31 5/30 - 8/29 8/2 - 8/29
Number of days sampled 21 25 8
Total number of samples 44 51 12
Acre-feet sampled 202.53 199.81 130.22
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Table 4. Summary of Simultaneous Diversion and Channel Sampling, 1994

Channel Gear/ Volume Volume
Diversion Gear No. No. Sampled Sampled
Channel Site/ Sample Sample Channel Diversion Channel Diversions
Diversion Site Date Time Samples Samples (AF) (AF)

Egg and Larva Net/Egg and Larval Net

Site 932 -Middle River/
Site 2- Bacon Island           515       0500-1030       12         12         2.07          2.57

Townet] Fyke Net

Site 49 - San Joaquin Rived
Site 1 - Twitchell Island 7/11 1630-2230 7 7 4.17 7.06

Site 932 - Middle Rived
Site 2 - Bacon Island 7/7 ! 845-2345 9 9 5.36 7.27

Midwater Trawl/Fyke Net

Site 49 - San Joaquin Rived
Site 1 - Twitchell island 5111 1630-2230 8 8 42.61 3.77

Site 49 - San Joaquin Rived
Site 1 - Twitchell Island 9129 1504-2204 8 7 60.75 5.78

Site 49 o San Joaquin Rived
Site 1 - Twitchetl Island 10/5 0305-0805 6 6 52.36 6.03

Site 49 - San Joaquin River/
Site 1 - Twitchell Island 10/17 1417-2003 7 7 54.28 6.74

AF = acre-feet
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Table 5. Catch and Catch Per Unit Effort of Early-life Stage Fish
at Diversion Site 2 (Bacon Island 16-inch Siphon) Using an Egg and Larval Net,1993

Species Catch CPUE
Delta smelt 5 5.0
Threadfin shad 479 458.4
Bigscale Iogperch 220 210.5
Shimofuri goby 38 36.4
Striped bass 54 51.7
Prickly sculpin 14 13.4
Centrarchidae 19 18.2
Cyprinidae 3 2.9
Total 832 .- 796.5

CPUE = catch per unit effort = catch per acre-foot of water sampled.
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( ¯ Table 6. Catch and Catch Per Unit Effort of Early-life Stage fish
at Diversion Site 2 (Bacon Island 16-inch Siphon) Using an Egg and Larval Net, 1994

Species Catch CPUE
Striped bass 9 8.0
YelloMin goby 0 0
Bigscale Iogperch 13 11.6
Prickly sculpin 78 69.6
Threadfin shad 19 17.0
Shimofuri goby 35 .31.2
Centrarchidae 6 5.4
Cyprinidae 2 1.8
Total 162 " 144.6

CPUE = catch per unit effort = catch per acre-foot of water sampled.
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Table 7. Catch and Catch Per Unit Effort of Early-life Stage Fish
at Diversion Site 2 (Bacon Island 16-inch Siphon) Using an Egg and Larval Net, 1995

Species Catch CPUE

Threadfin shad 12 300.0
Bigscale Iogperch 1 25.0
Centrarchidae 7 175.0
Cyprinidae 1 25.0
Ictaluridae 1 25.0
Total 22 550.0

CPUE = catch per unit effort = catch per acre-foot of water sampled.
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Table 8. Catch and Catch Per Unit Effort of Fish Captur~a in Diversions Using a Fyke Net, 1993

Site 1 Twitchell Island        Site 2 Bacon Island         Site 4 Naglee Burk

Early-life Later-life Early-life Later-life Early-life Later-lifeStage Fish Stage Fish Stage Fish Stage Fish Stage Fish Stage Fish
Species Catch CPUE Catch CPUE Catch CPUE Catch CPUE Catch CPUE Catch CPUE

Delta smelt 1 0.01 0 0.00 3 0.01 2 0.01 0 0.00 0 0.00
Striped bass 70 0.49 3 0.02 1787 6.94 0 0.00 1 0.01 1 0.01
American shad 0 0.00 3 0.02 0 0.00 0 0.00 0 0.00 0 0.00
Threadfin shad 331 "’ 2.31 7 0.05 1262 4.90 0 0.00 3842 20.10 60 0,31
Inland silverside 115 0.80 11 0.08 0 0.00 0 0.00 t 0.01 0 0.00
Prickly sculpin 0 0.00 2 0.01 76 0.30 0 0.00 0 0.00 0 0.00
Big, scale logpe?ch 1 0.01 5 0.03 114 0.44 0 0.00 0 0.00 0 0.00
Yellowfin goby 4 0.03 8 0.06 465 1.81 19 0.07 3 0.02 0 0.00
Shimofuri goby 6 0.04 6 0.04 436 1.69 2 0.01 6 0.03 0 0.00
Carp 1 0.01 1 0.01 3 0.01 0 0.00 0 0.00 0 0.00
Golden shiner 0 0.00 1 0.01 0 0.00 0 0.00 0 0.00 0 0.00
Largemouth bass 3 0.02 3 0.00 8 0.03 1 . 0.01 0 0.00 0 0.00
Blue gill 2 0.01 1 0.00 3 0.01 4 0.02 14 0.07 0 0.00
Black crappie 0 0.00 2 0,00 2 0.01 0 0.00 1 0.01 0 0.00
unk centrarchids 3 0.02 0 0.00 7 0.03 0 0.00 0 0.00 0 0.00
White catfish 0 0.00 0 0.00 0 0.00 7 0.03 3 0.02 33 0.17
Channel catfish 0 0.00 0 0.00 1 0.01 0 0.00 0 0.00 0 0.00
Brown bullhead 0 0.00 0 0.00 6 0.02 0 0.00 0 0.00 0 0.00
unk ictalurids 0 0.00 0 0.00 6 0.02 0 0.00 3 0.02 2 0.01
Mosquitofish 7 0.05 21 0.15 0 0.00 0 0.00 5 .~.03 2 0,01
Threespine stcklbck 0 0.00 1 0.10 0 0.00 0 0.00 0 (’.00 0 0.00
unidentified fish 0 0.00 0 0.00 7 0.03 1 0.0t 1 0,01 0 0.00

Total 544 3.80 75 0.58 4!86 16.27 36 0.14 3880 20.30 98 0.51
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Table 9. Catch and Catch Per Unit Effort of Fish Captured in Diversions Using a Fyke Net, 1994

Site 1 Twitchell Island Site 2 Bacon Island Site 4 Naglee Burk

Early-life Later-life Early-life Later-life Early-life Later-life
Stage Fish Stage Fish Stage Fish Stage Fish Stage Fish Stage Fish

Species Catch CPUE Catch CPUE Catch CPUE Catch CPUE Catch CPUE Catch CPUE

Chinook salmon 0 0.00 1 0.01 0 0.00 0 0.00 0 0.00 0 0.00

Delta smelt 14 0.10 4 0.03 0 0.00 0 0.00 0 .0.00 0 0.00

Striped bass 778 5.69 5 0.04 159 0.95 0 0.00 2 " 0.01 0 " 0.00
Threadfin shad 46 0.34 ’ 7 0.05 84 0.50 0 0.00 4~ 0.28 0 0.00

Inland silverside 0 0.00 3 0.02 0 0.00 0 0.00 ,- 0 0.00 0 0.00

Prickly Sculpin 34 0.25 12 0.09 29 0.17 4 0.02 1 0.01 4 0.02

Bigscale logp,=rch 15 0.11 2 0.01 7 0.04 0 0.00 0 0.00 0 0.00
Yellowfin goby 186 1.36 20 0.15 16 0.10 1 0.01 0 0.00 0 0.00
Shimofuri goby 17 0.12 16 0.12 184 1.10 6 0.04 6 0.04 2 0.01

Carp 0 0.00 0 0.00 1 0.01 0 0.00 0 0.00 0 0.00

Largemouth bass 3 0.02 3 0.02 3 0.02 0 0.00 0 0.00 0 0.00
Blue gill 0 0.00 0 0.00 10 0.06 3 0.02 0 0.00 1 0.01

,... Black crappie 0 0.00 0 0.00 1 0.01 0 0.00 0 0.00 0 0.00

,~ ...... unk centrarchids 0 0.00 0 0.00 0 0.00 0 0.00 1 0.01 0 0.00
White catfish 0 0.00 1 0.01 0 0.00 6 0.04 0 0.00 4 0.02
channel catfish 0 0.00 0 0.00 0 0.00 I 0.01 0 0.00 0 0.00

Brown bullhead 1 0.01 1 0.01 5 0.03 1 0.01 0 0.00 0 0.00

unk ictalurids 1 0.01 ¯ 0 0.00 4 0.02 1 0.01 9 0.05 0 0.00

Mosquitofish 0 0.00 0 0.00 1 0.01 0 0.00 0 0.00 0 0.00

Threespine stcklbck 0 0.00 7 0.05 0 0.00 0 0.00 0 0.00 0 , 0.00

Wakasagi 0 0,00 1 0,0I 0 0,00 0 0.00 0 0.00 0 0.00

Staghorn sculpin 0 0.00 0 0.00 1 0.01 2 0.01 0 0.00 1 0.01

Tule perch 5 0.04 1 0.01 0 0.00 0 0.00 0 0.00 0 0.00

unidentified fish 1 0.01 0 0.00 5 0.03 0 0.00 1 0.01 0 0.00

Total 1101 8.05 84 0.61 510 3.05 25 0.!5 68 0.40 12 0.07
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Table 10. Catch and Catch Per Unit Effort of Fish Captured in Diversions Using a Fyke Net, 1995

Site 1 Twitchell Island Site 2 Bacon Island Site 4 Naglee Burk

Early-life Later-life Early-life Later-life Early-life Later-life
Stage Fish Stage Fish Stage Fish Stage Fish Stage Fish Stage Fish

Species Catch CPUE Catch CPUE Catch CPUE Catch CPUE Catch CPUE Catch CPUE

Chinook salmon 0 0.00 1 0.01 0 0.00 0 0.00 0 0.00 0 0.00

Striped bass 62 0.31 5 0.02 4 0.02 2 0.01 0 0,00 0 0.00
Splittail 0 0.00 0 0.00 ,O 0.00 1 0.01 0 0,00 0 0.00

Sacramento sucker 0 0,00 1 0.01 0 0.00 0 0.00 0 0.00 0 0.00

American shad 0 0.00 3 0.01 0 0.00 0 0.00 0 0,0;3 0 0.00

Threadfin shad 1345 6.64 18 0.09 62 0.31 0 0.00 0 0.00 0 0.00

Inland silverside 13 0.06 6 0.03 0 0.00 0 0.00 0 0.00 0 0.00

Prickly sculpin 2 0.01 4 0.02 0 0.00 0 0.00 0 0.00 . 1 0.01

Bigscate Iogperch 6 0.03 8 0.04 1 0.01 0 0.00 0 0.00 0 0.00
Yellow~’in goby 21 0.10 15 0.07 3 0.01 0 0.00 0 0.00 0 0.00

Shimofuri goby 9 0.04 6 0.03 0 0.00 0 0.00 0 0.00 1 0.01

Largemouth bass 0 0.00 9 0.04 4 0.02 6 0.03 0 0.00 0 0.00

Blue gill 21 0.10 2 0.01 25 0.12 t0 0.05 2 0.02 2 0,01

Black crappie 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00

Red sunfish 0 0.00 1 0.01 0 0.00 1 0.01 0 0.00 0 0.00

unk centrarchids 0 0.00 0 0.00 1 0.01 0 0.00 0 0.00 0 0.00

White catfish 58 0.29 2 0.01 51 0.26 5 0.02 14 0.11 22 0.17

Channel catfish 2 0,01 0 0.00 0 0.00 0 0.00 7 0.05 7 0.05

Brown built’,ead 0 0.00 0 0.00 83 0.42 0 0.00 1 0.01 1 0.01

unk ictalurids 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
Mosquitofish 23 0.11 0 0.00 1 0.01 1 0.01 0 0.00 0 0.00

Riffle scu!pin 0 ~ 0.00 1 0.01 0 0,00 0 0.00 0 0.00 0 0.00
Threespine stcklbck 3 0.01 14 0.07 0 0.00 0 0.00 0 0.00 0 0.00

Wakasagi 0 ’ 0.00 0 0,00 0 0.00 0 0.00 0 0.00 0 0.00

Staghorn sculpin 0 0,00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00

Tule perch 1 0.01 1 0.01 0 0.00 1 0.01 0 0.00 0 0.00
Pac brook lamprey 1 0.01 1 0.01 0 0.00 0 0.00 0 0.00 0 0.00

unidentified fish 1 0.01 1 0.01 0 0.00 0 0.00 0 0.00 0 0.00

Total 1568 7.74 99 0.49    235 1.18 27 0.14 24 0.18 34 0,26
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Table 11. Summary of Catch and Catch Per Unit Effort
during Simultaneous Channel and Diversion Sampling for Early-life Stage Fish

at Channel Site 932 (Middle River) and Diversion Site 2 (Bacon Island), 1994

Channel Site 932 Diversion Site 2
Middle River Bacon Island

Date/Gear Species Catch CPUE Catch CPUE

5/5/94 Shimofuri goby 135 65.2 0 0.0

Egg and Nei Delta smelt 2 1,0 0 0.0

Larval Net Bigscale Iogperch 2 1.0 2 12.0

Prickly sculpin 139 ,, 67.1 2 12.0’

Threadfin shad 2 1.0 0 0.0

Striped bass 58 28.0 0 0.0

Centrarchidae 2 1.0 0 0.0

CPU£ = catch per unit effort = catch per acre-foot of water sampled.
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Table 12. Summary of Catch and Catch Per Unit Effort
during Simultaneous Channel and Diversion Sampling Using a Townet and Fyke Net

at Channel Site 932 (Middle River) and Diversion Site 2 (Bacon Island), 1994

Channel Site 932 Diversion Site 2
Middle River (Townet) Bacon Island (Fyke Net)

Date                  Species Catch CPUE Catch CPUE

7/7/94 Centraichidae 0 N/A 3 0.4

American shad 16 N/A 0 0

Threadfin shad 5 N/A 18 2.5

Striped bass 114 N!A 0 0

Yellowfin goby 19 N/A 0 0

Inland silverside 16 N/A 0 0

Ictaluridae 46 NiA 3 0.4

Shimofuri goby 0 N[A 10 1 .4

CPUE = catch per unit effort = catch per acre-foot of water sampled.

N/’A = Not Available.

Ictalurid species = channel catfish and white catfish.
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Table 13. Summary of Catch during Simultaneous Channel and Diversion Sampling
Using a Townet, Midwater Trawl, and Fyke Net at Channel Site 49 (San Joaquin River)

and Diversion Site 1 (Twitchell Island) between May and October, 1994

Channel Site 49 Diversion Site 1

Date/Gear Species Catch CPUE Catch CPUE

7/11/94 American shad 2 N/A 0 0
Townet (Channel) Striped bass 7 N/A 3 0.422
Fyke Net (Diversion) " Splittail 1 N/A 0 0

Yello~,ffin goby 1 N/A 1 0.14
Inland sik, erside 6 N/A 1 0.14
Threadfin shad 0 N/A 12 1.70

5/11194 Striped bass 2 0.05 5 1.33
Midwater Chinook salmon 2 0.05 -" 0 0
Trawl (Channel) Ictaluridae 3 0.07 0 0
Fyke Net (Diversion) Cyprinidae 1 0.02 0 0

Delta smelt 0 0 1 0.26
Prickly sculpin 0 0 6 1.59
Yellowfin goby 0 0 6 1.59

9/29/94 American shad 114 1.88 0 0
Midwater Threadfin shad 70 1.15 1 0.13
Trawl (Channel) Inland silverside 1 0.02 0 0
Fyke Net (Diversion) Striped bass 7 0.12 0 0

Centrarchidae 0 0 1 0.13
Shimofuri goby 0 0 6 0.78

10/5/94 American shad 67 1.28 0 0
Midwater Threadfin shad 80 1.53 1 0.17
Trawl (Channel) Striped bass 19 0.36 0 0
Fyke Net (Diversion) Chinook salmon 2 0.04 0 0

Threespine stickleback 0 0 3 0.50
Shimofuri goby 0 0 4 0.66

10/17/94 American shad 61 1.12 0 0
Midwater Threadfin shad 38 0.70 0 0
Trawl (Channel) Shimofuri goby 0 0 5 0.74
Fyke Net (Diversion) Striped bass 0 0 4 0.59

Inland silverside 0 0 1 0.15
Cyprinidae 0 0 1 0.15

CPUE = catch per unit effort = catch per acre-foot of water sampled.
NIA = Not Available.
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Table 14. Paired Comparisons of Fish Catch Per Unit Effort
from [~iversions, Day versus Night, 1993, 1994, 1995

1993 1994 1995

Early-Life Stage Fish Day Night Day Night Day Night

Site 2
Bacon Island, 16" N/A 110,58 (7) 187.18 (7) 242,09 (9) 203.45 (9)
Site 1
Twitchell Island -- -- N/A

Later-Life Stage Fish Day Night Day Night Day Night

Site 2
Bacon Island, 16" 10.53 (21)* 29.38 (21)* 3.19 (11) 5.96 (11) 0.41 (12)* 1.91 (12)*

Site 1
’ Twitchell Island 2.28 (10) 14.22 (10) 5.16 (27)’" 12.68 (27)’* 6.17 (9) 10.07 (9)

Values shown are the mean catch per unit effort for all species combined used in the t test for dependent samples of day vs.
night catch. Catch per unit effort is the total number of fish captured per acre foot of water sampled. The figure in parentheses
equals the number of paired samples, Results considered significant at p < 0.05.

no asterisk p > 0.05

,,~.,...., * p < 0.05 ’
’* p>0.01

N/A = site not sampled or all samples were collected during the day.
= insufficient number of paired samples (n < 2)i
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Table 15. Annual Entrainment of Fish by Species in Agricultural Diversions, 1993, 1994, and 1995

Species Jan Feb    Mar    Apr May    Jun Jul Aug    Sep    Oct Nov    Dec

Chinook salmon 4 5
Delta smelt 4 3,4 3,4
Wakasagi 4
Splittail 5
Striped bass 3,4 3,4,5 3,4,5 3,4,5 4
Cyprinidae 3,4 3,4,5 3 3

¯ Sacl"amento sucker 5
Centrarchidae 4 4 3,4 3,4,5 3,5 3,5. 3,4 3
Tule perch 4 4 5
Bigscale Iogperch 4 3,4 3,4,5 3,5 3,5 4
Pacific lamprey 5
Prickly sculpin 3 3,5 3 3,5
Pacific staghorn sculpin 4 4 4
Riffle sculpin 5
Threespine stickleback 4,5 5 4,5 3,4
Yellowfin goby 3,4 3,4,5 3,4,5 3,5 3 3 3

.t..... Shimofuri goby 4 3,4 3,4 3,4,5 3,5 3 3
~.~.i Chameleon goby 4 4 4 4

lctaluridae 3,4,5 3,4,5 3,4,5 3,4,5 3,4
American shad 3,5 3
Threadfin shad 3,4 3,4,5 3,4,5 3,4,5 4 3,4 3
Inland silverside 3,4,5 3,4,5 4
Mosquitofish 5 3,5 3,5 3 3 3
Starry flounder 5 5

3 = 1993, 4 = 19.94, 5 = 1995

Number of days per month that sampling was conducted

Year Month

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1993 0 0 0 3 14 11 12 9 4 3 3 3
1994 1 0 0 3 15 11 3 7 2 2 0 0
1995 0 0 0 0 2 11 17 19 0 0 0 0
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Figures 1-12
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Figure 1
Channel and Diversion Sampling Sites, 1993-1995
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Figure 2
Length-Frequency Distributions of Early-life Stage Fish Collected at Diversion Site 2 (Bacon island) Using an

Egg and Larval Net, 1993-1995
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Figure 3
Length-Frequency Distributions of Fish Collected at Diversion Site 1 (Twitchell Island)

Using a Fyke Net, 1993-1995
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Figure 4
Length-Frequency Distributions of Fish Collected at Diversion Site 2 (Bacon Island)

Using a Fyke Net, 1993-1995
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Figure 5
Length-Frequency Distribution of Fish Collected at Diversion Site 4 (Naglee Burk)

Using a Fyke Net, 1 993-1 995
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Figure 6
Length-Frequency Distributions of Early-life Stage Fish Collected during Simultaneous Sampling

at Diversion Site 2 (Bacon Island) and Channel Site 932 (.Middi~ River), May 5, 1994
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8O

Figure 7
Length-Frequency Distributions of Fish Collected during Simultaneous Sampling at Diversion Site 2 (Bacon island)

and Channel Site 932 (Middle River) Using a Fyke Net, July 7, 1994
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Figure 8
Length-Frequency Distributions of Fish Co!lected during Simultaneous Sampling at

Diversion Site 1 (Twitch@ Island) and Channel Site 49 (San Joaquin River at Oulton Point)
Using a Fyke Net, July 11, 1994
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Figure 9
Length-Frequency Distributions of Fish Collected during Simultaneous Samping at

Diversion Site 1 (Twitchell Island) and Channel 49 (San Joaquin River at Oulton Point)
Using a Fyke Net, May 11, 1994
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Figure 10
Length-Frequency Distributions of Fish Collected during Simultaneous Sampling at

Diversion Site 1 (Twtichell Island)
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Figure 11
Length-Frequency Distributions of Fish Collected during Simultaneous Sampling at

Diversion Site 1 (Twitchell Island) and Channel Site 49 (San Joaquin River at Oulton Point)
Using a Fyke Net, October 5, 1994
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Figure 12
Length-Frequency Distributions of Fish Collected during Simultaneous Sampling at

Diversion Site 1 (Twitchelt Island) and Channel Site 49 (San Joaquin River at Oulton Point)
Using a Fyke Net, October 17, 1994
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Appendices A-E
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APPENDIX A

Data about fish co’llected at the agricultural diversion on Bouldin Island (Site 10) by
Department of Water Resources staff on 6 days between June 21 and August 20, 1993.
Site 10 was a data collection site of the California Department of Fish and Game and the
resulting data is presented in the Striped Bass Stamp Fund Agricultural Diversions
Quarterly Report (DeLeon 1994) and in Monitoring of an Unscreened Agricultural Diver-
sion on the San Joaquin River at McMullin Tract (Griffin 1993). Department of Water
Resources personnel sampled the site to enable comparison of species comp6sition and
abundance ~vith the sites included as part of the Interagency Ecological Program’s Delta
Agricultural Diversion Evaluation but ~vere unable to sample frequently e.rlo.ugh to collect
a sufficient data set.
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Figure A-1
Length-Frequency Distributions of All Fish Collected at Diversion Site 10 (Bouldin island),

June 21 through August 20, 1993
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APPENDIX B

Data about early-life stage fish captured in 505-micron mesh egg and larval nets in
the years 1993 through 1995 at channel sites 49, 93, and 932 (near study Sites 1
(Twitchell Island), 4 (Naglee Burk) and 2 (Bacon Island’s 16 inch siphon)), respectively.
Data is included to provide additional qualitative information about relative numbers and
total catches of species and ho~v these may vary across time and space.
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Table B - 1. Summary of Channel Sampling for Early-life Stage Fish
Using a 505 Micron Mesh Egg and Larval Fish Net, 1993-1995

1993          1994          1995

£~te 49 - San Joaquin River
,~t Oulton Point
Sampling period June 1 - July 15 February 11 - July 5 February 15- July 10
Number of days sampled 20 42 20
Total Number of samples 20 42 20
Number of acre-feet sampled 1.35 5.35 3.82

Site 93 - Old River,
downstream of Naglee Burk
Sampling period February 27 - July 5 February 11 - July 5 February 15 - June 1

’ Number of days sampled 33 46 22
Total Number of samples 33 46 22
Number of acre-feet sampled 4.26 7,52 4.36

Site 932 - Middle River
at Bacon Island

~:,"- Sampling period February 27 - Ju!y 15 February 11 - July 5 February 15 - June 1
Number of days sampled 35 43 17
Total Nt~mber of samples 35 43 17
Number of acre-feet sampled 3.69 6.54 3,44
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Table B - 2. Catch of Striped Bass Eggs and Early-life Stage Fish
at Site 49 (San Joaquin River at Oulton Point)

Using a 505 Micron Mesh Egg and Larval Fish Net, 1993 - 1995

1993 1994 1995

¯ Striped Bass Eggs Catch CPUE Catch CPUE Catch CPUE

Morula 10 7.4 189 35.3 5 1.3

Early embryo 8 5.9 , 64 12.0 0 0

Lat6 embryo 0 0 71 13.3 ~ 5 1.3

Dead¯ 1 0.7 17 3.2 30 7.8

TOTAL 19 14.0 341 63.8 40 10.4

1993 1994 1995

Early-Life Stage Fish
(Species) Catch CPUE Catch CPUE Catch CPUE

Striped bass 125 92.6 135 25.2 147 38.5

Longfin smelt 0 0 1~ 1.9 0 0

. Delta Smelt 2 1.5 102 19.1 6 1.6

Splittail 0 0 0 0 4 1.0

YelloMin goby 0 0 1 0.2 0 0

Shimofuri goby 4 3.0 190 35.5 0 0

Threadfin shad 70 51.8 19 3.6 33 8.6

Prickly sculpin . 8 5.9 992 185.4 962 25!..8

Sacramento sucker 1 0.7 0 0 1 0.3

Bigscale Iogperch 0 0 7 1.3 35 9.2

Centrarchidae 0 0 11 2.1 30 7.8

Other 3 2.2 0 0 15 3.9

TOTAL 213 157.7 1,467 274.3 1,233 322.7

CPUE = catch per unit effort = catch per acre-foot of water sampled.
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. Table B - 3. Catch of Striped Bass Eggs and Early:life stage Fish
at Site 93 (Old River Downstream of NagleeBurk)

Using a 505 Micron Mesh Egg and Larval Fish Net, 1993 - 1995

1993 1994 1995

Striped Bass Eggs Catch CPUE Catch CPUE Catch CPUE

Morula 0 0 115 15.3 0 0

Early embryo 0 0 1 0.1 0 0

Late embryo 0 0 2 0.3 0 0

Dead 0 0 20 2.7 0 0

TOTAL 0 0 138 18.4 0 0

1993 1994 1995

Early-Life Stage Fish
(Species) Catch CPUE Catch CPUE Catch CPUE

Chinook salmon 0 0 0 0 1 0.2

Striped bass 80 18.8 23 3.1 0 0

L,,,~,. (~I~.~ Longfin smelt 0 0 1 0.1 0 0

Delta smelt 0 0 4 0.5 1 0.2

Splittail 1 0.2 0 0 24 5.5

Shimofuri goby 696 163.4 3,770 501.3 0 0

Threadfin shad 664 155.9 161 21.4 39 8.9

Prickly sculpin 920 216.0 1,876 249.5 185 42.4

Sacramento sucker 1 0.2 1 0.1 2 0.5

Bigscale logperch 28 6.6 11 1.5 7 1.6

Cyprinidae 0 0 6 0.8 0 0

Centrarchidae "30 7.0 3 0.4 82 18.8

Other 14 3.3 2 0.3 321 73.6

TOTAL 2.434 571.4 5,858 779.0 662 151.7

CPUE = catch per unit effort = catch per acre-foot of water sampled.
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Table B - 4. Catch of Early-life Stage Fish at Site 932 (Middle River at Bacon Island)
Using a 505 Micron Mesh Egg and Larval Fish Net, 1993 - 1995

1993 1994 1995
Early-Life Stage Fish
(Species) Catch CPUE Catch CPUE Catch CPUE

Striped bass 97 26.3 108 16.5 0 0

Longfin smelt 0 0 4 0.6 2 0.6

Delta smelt 4 1.1 12 ,1.8 0 0
Splittail 0 0 0 0 2 0.6

Yellowfin goby 0 0 1 0.2 0 0

Shimofuri goby 166 45.0 958 146.5 0 0

Threadfin shad 78 21.1 179 27.4 11 3.2

Prickly sculpin 1,752 474.8 2,898 443.1 494 143.6
Sacramento sucker 0 0 0 0 0 0

Bigscale logperch 25 6.8 12 1.8 16 4.6

Centrarchidae 22 6.0 29 4.4 23 6.7

Other 3 0.8 2 0.3 53 15.4

TOTAL 2,147 581.9 4,203 642.6 601 174.7

CPUE = catch per unit effort = catch per acre-foot of water sampled.
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Figure B-1
Length-FrequencyDistributions of Early-life Stage Fish Collected at Channel 49 (San doaquin River)

Using a 505 Micron Mesh Egg and Larval Fish Net, 1993-1995
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Figure B-2
Length-Frequency Distributions of Early-life Stage Fish Collected at Channel Site 932 (Middle River)

Using a 505 Micron Mesh Egg and Larval Fish Net,1993-1995
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Figure B-3
Length.Frequency Distributions of Early-life Stage Fish Collected at Channel Site 93 (Old River)

Using a 505 Micron Mesh Egg and Larval Fish Net, 1993-1995
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APPENDIX C

Data about later-life stage fish captured in channels in 1993 at Sites 49 and 932 near
diversion Sites 1 and 2, respectively. Sampling was conducted using midwater trawls,
townets and otter trawls. Sampling effort was limited but the data are included to provide
additional qualitative information about the relative number and total catch of species
and how they may vary across sites. Gear efficiencies in channels can be lo~v and highly
variable. Gear type may also account for a portion of the variance between catches using
different gear.
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Table C - 1. Catch and Catch Per 0nit Effort of Later-life Stage Fish (_> 30 Mtvl TL)
at Channel Sites 49 (San Joaquin River At Oulton Point) and 932 (Middle River At Bacon Island)

Using a Midwater Trawl, 1993

Summary of Sampling

Site 49 Site 932
San Joaquin River at Middle River at

Oulton Point Bacon Island
Sampling period August 23 & September 27 August 24 & September 28
Number of days sampled 2 2
Total numbe’r of trawls 26 20
Total number of acre-feet sampled 166.28 129.54

’Later-life Stage Fish Collected

Species Catch CPUE Catch CPUE
Striped bass 175 1.05 106 0.82
Delta smelt 1 0.01 0 0.0
American shad 279 1.68 209 1.61

(11!11:1! mhreadfin shad 89 0.53 223 1.72
Inland silverside 8 0.05 1 0.01
Yellowfin goby 1 0.01 0 0.0
Cyprinidae 0 0.0 1 0.01
Ictaluridae 0 0.0 3! 0.24
Bigscale Logperch 0 0.0 5 0.04
Shimofuri goby 0 0.0 3 0.02
Cetrarchidae 0 0.0 28 0.22
TOTAL 553 3.3 607 4.7

C’PUE = catch per unit effort = catch per acre-foot of water sampled.
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Table C - 2. Catch and Catch Per Unit Effort of Later-life Stage Fish ( >_ 30 MM TL)
at Channel Sites 49 (San Joaquin River at Oulton Point) and 932 (Middle River At Bacon Island)

Using a Townet, 1993

Summary of Sampling

Site 49 Site 932
San Joaquin River at Middle River at

. Oulton Point Bacon Island

Sampling period June 2 - July 8 May 25 - July 8

Number of days sampled 7 7

Total number of tows 7 7

Total number of acrefeet sampled N/A -- N/A

Later-life Stage Fish Collected

,Species Catch CPUE Catch CPUE

Striped bass 2 N/A 16 N/A

N/A = Not enough information available to calculate the volume sampled.

CPUE ,= catch per unit effort = catch per volume of water sampled.
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APPENDIX D

Catch and length frequency data for early-life stage fish captured at Sites 1 (Twitchell
Island), 2B (Bacon Island’s 14-inch simphon), and 4 (Naglee burk) in 1993 and 1994 as
part of the Interagency Ecological Program’s Delta Agricultural Diversion Evaluation.
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Table b-1. Catch and’Catch Per Unit Effort of Early-life-Stage Fish at Site 1 (Twitchell Island),
Site 2B (Bacon Island 14-Inch Siphon) and Site 4 (Naglee B.urk)

Using an Egg and Larval Net, 1993

Site 1 Site 28 Site 4
Twitchell Island Bacon Island, Nag}ee E~u~k

14" siphon

Species Catch CPUE Catch CPUE Calch CPUE

Delta smelt 0 0 0 0 0 0

Threadfin shad 7 368.4 12 279.1 114 49i .4

Bigscale logperch 1 52.6 1 23.2 O O

Shimofuri goby 0 0 1 23.2 60 258,6

Striped bass 0 0 1 23.2 " 1 4.3

Prickly sculpin 0 0 0 0 0 0

. Centrarchidae 0 0 0 0 8 34.5

Cyprinidae 0 0 0 t) 2 8.6

TOTAL 8 421.0 15 348.7 185 797.4

CPUE = catch per unit effort = catch per acre-foot of water sa:npl~d.
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Table D-2. Catch and Catch Per Unit Effort of Striped Bass Eggs and Early-life Stage Fish
at Site 1 (Twitchell Island) Using an Egg and Larval Net, 1994

Striped Bass Eggs Catch CPUE
Morula 3 41.7
Early embryo 4 55.6
Late embryo 5 69.4
Dead 1 13.9
TOTAL 13 180.6

Early-Life-Stage Fish
(Species)

Striped b~ss 5 69.4
Yellowfin goby 2 27.8
Bigscale Iogperch 1 13.9
Prickly sculpin 8 I11.1
Threadfin shad 0 0
Shimofuri goby 0 0
Centrarchidae 1 13.9

~.,,~ Cyprinidae 0 0
,ii~ TOTAL 17 236.1

CPUE = catch per unit effort = catch per acre-foot of water sampled.

69

C--li 5758
C-115758



Technical Report 61, Appendices
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Figure D-3
Length-Frequency Distributions of Early-life Stage Fish Collected at Naglee Burk

Using an Egg and Larval Net, 1993
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Figure D-2¯Length-Frequency Distributions of Early-Life Stage Fish Collected at Site 2B (Bacon Island 14-inch Siphon)
Using an Egg and Larval Net, 1993
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1993

TOTAL LENGTH, MM

Figure D-1
Length-Frequency Distributions of Early-life Stage Fish Collected at Site 1 (Twitchell Island)

Using an Egg and Larval Net, 1993-1994
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APPENDIX

1993 and 1994 Lakos Screen Evaluation

A Lakos-Plum Creek self cleaning, rotating, cylindrical fish screen ~vas tested for its
effectiveness at reducing fish entrainment in an agricultural diversion during 1993 and
1994. The diversion was located on Bacon Island adjacent to Middle River in the southern
Sacramento-San Joaquin Delta. Overall study results showed:

o In 1993 and 1994, the density of fish collected under screened conditions was signifi-
cantly less than the density of fish collected under unscreened conditions, with P.05
(n=30) and P.05 (n=54), respectively.

o Screen efficiency varied depending on the species of fish and life stage. In general, from
spring through summer as fish gre\v in length, screen efficiency improved, as indicated
by a decrease in entrainment.

o The self-cleaning Lakos-Plum Creek screen (2.3 mm squar6" mesh, 0.045 mm wire
diameter, 68.72 percent open area) ~vas highly effective at reducing entrainment of fish
over 20 mm TL.

o For the Lakos screen to be considered effective, it has to reduce fish loss and provide
reliable operation. The screen significantly reduced entrainment; however, operational
problems occurred with the siphon and spray bar system. Mortality resulting from
impingement was not measured.

73

C--115762
C-115762



Technical Report 61, Appendices

1993 AND 1994 LAKOS SCREEN EVALUATION

Katie Wadsworth

Department of Water Resources

May 1996

Introduction per cfs ~vhen the siphon was operated at
maximum capacity of 15 cfs.In 1992, the Department of Water Re-

sources (DWR) and Department of Fish Sarnpling Procedures
and Game {DFG) implemented the Delta
Agricultural Diversion Evaluation to de- Sampling for juvenile and adult fish
velop reliable estimates of fish entrain-was conducted ~vith and without the
ment to agricultural diversions in the deltascreen operating approximately once a
during the irrigation season, April through~veek from June 3 through September 1,
August. One component of the study ~vas 1993, and April 26 through August 2,
to test the effectiveness of a Lakos-Plum 1994. Sampling without the screen in
Creek serf-cleaning fish screen on a 16-place was achieved by raising the screen
inch siphon at Bacon Island. ~vith the hand-~vinch until it ~vas out of the

water, and away from the diversion intake,
The 1993 and 1994 agricultural diver-and turning off the backwash pm~np, Con-

sion screen tests took place in the centralversely, screening the diversion was
delta on the eastern side of Bacon Island,achieved by manually lo~vering the cylin-
adjacent to Middle River (Figure 1). The drical drums ~vith a hand-winch until the
Lakos-Plum Creek design (Model No. screen ~vas in place over the intake, and

.~... 3424-95512) had four self-cleaning, rotat-then turning on the back~vash pump for
~,,,..,,,.,’ ing, cylindrical screens constructed ofself-cleaning,

0.045 mm diameter phosphor bronze wire
with 2.3 mm square mesh and 68.72 per- The screen test consisted of a paired
cent open area. The study was designed tosample of one hour under screened condi-
determine the overall effectiveness of thetions and one hour under unscreened con-
Lakos screen design at reducing entrain-ditions. The order of screened to
merit of fish into a small (less than 20 cfs} unscreened or unscreened to screened
agricultural diversion, Another purpose ofconditions was determined randomly.
the study was to determine the feasibilityMost sampling ~vas conducted during day-
of screening other similar agricultural di- light hours for periods of four to eight
versions in the delta with the Lakos screenhours. Night samples were collected
design, through the tidal cycle over 24-hour sam-

ple perioc~s one time during each of the
Site Preparation sampling seasons. A total of 35 paired

Before tt~e screen could be installed samples ~vere collected in 1993 and a total
of 54 paired samples were collected inand operated on Bacon Island, permission1994.was obtained from the land o~vner. Electri-

cal power was brought to the site and A fyke-type net constructed oI~ one-
extensions and other special adjustmentseighth-inch mesh with live-box attached to
were made to the siphon, The screen back-the cod end was placed directly over the
~vash pump and electricity outlet box ~verediversion outfall to sample one hundred
enclosed witha chain link fence for safety percent of the diverted water during each
and security reasons. The final cost of thetest. Fish were identified to species,

~. Lakos fish screen at Bacon Island ~vas    counted, and total length measured to the
$30,176.26, or approximately $2.011.75
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nearest mm. A flo~v meter (propeller type, without the screen ranged in size from 3.5
... Ketma McCrometer model MO300) in- - 347.0 mm TL (mean size 14.9 mm TL).
.. stalled in the diversion pipe measured di-Testing the t~vo population means sho~ved

version flow in cubic feet per second andthat the mean length of fish collected with
total ~vater volume diverted in acre-feet, the screen was significantly less (P.05)
Flowmeter readings were used to computethan the mean length of fish collected
water volume sampled and fish densities~vithout the screen.
entrained during each sample period.

Results of the Wilcoxon signed ranks
Statistical evaluation of the data in-test indicate that the density of fish col-

cluded the Wilcoxon signed ranks test, alected under screened conditions was sig-
nonparametric test based on the differ-nificantly less (P.05, n=30) than the
ences in paired observations, to determinedensity of fish collected under unscreened
the probability of a significant difference at conditions, with P-level equal to 0.001 (Ta-
the 0.05 level or 95 percent confidenceble ,1). In other ~vords, the Lakos screen
(P=0.05} between the density of fish c61- effectively reduced entrainment with
lected under screened and unscreenedgreater than 95 p..ercent certainty.
conditions. The X~Vilcoxon signed ranks test Separating out densities by specieswas also applied to individual species to
determine if screening efficiency variedand applying the X¥ilcoxon signed ranks

test showed that the Lakos screen signifi-with species,
cantly reduced entrainment of striped

~t993 Restflts Of Lakos Screen Study bass (mean length 15 mm TL), shimofuri
goby (mean length 12 mm TL), bigscale

Twelve species representing eightlogperch mean length 14 mm TL), and
families were collected during screenedthreadfin shad (mean length 1 1 mm

~...... and unscreened diversion sampling. AllTL)(Table 1}. The screen did not signifi-
{,i-~.~i fish observed were introduced species,cantly (P0.05) reduce entrainment of

Striped bass were the most numerous, fol-prickly sculpin (mean length 11 mm TL)
lo~ved by threadfin shad, shimofuri goby,and yellowfin goby (22 mm TL)(Table 1). An
and yellowfin goby. No threatened or en- insufficient number of paired samples (n)
dangered species or species of special con-to test ~vith nonzero differences occurred
cern such as, delta smelt, winter-run for the follo~ving species: largemouth bass,
chinook salmon, longfin smelt, or splittail,white catfish, bro~vn bullhead, fathead
were collected during the 1993 screen test.minnow, carp, and bluegill (Table 1).

While sampling ~vith the screefL the
A total of 1,559 fish representing tile average diversion flo~v rate ~vas 11.6 cfs

t~velve species was entrained in the diver-(range 8.2 to 13.3 cfs). Without the screen
sion during the 15 days of 1993 screenin operation, the average sampling diver-
testing. Of the 1,559 fish, 140 fish ~veresion flow rate ~vas 12.7 cfs (range 8.2 to
collected with the screen in operation and14.8 cfs). The average reduction in diver-
1,41 9 fish ~vere collected without thesion flow ~vas 8 percent ~vith the screen in
screen in operation. For all species com-place relative to the average non-screen
bined, the average number of fish en-diversion flow.
trained per acre-foot using the screen ~vas
3.2, ranging between 0.0 and 20.6, ~vhile~994 Results Of Lakos Screen Study

the average number of fish entrained per Similar to 1993, t~velve species ~vereacre-foot without using the screen wasentrained in the diversion during the 1726.1, ranging from 0.0 to 184.8. Fish col-
lected under screened conditions ranged    days of 1994 screen testing, with ten oft_he
in size from 4.5 - 51.0 mm total length (TL) years.SpecieSstaghornremainingsculpinC°nsistentand blackb et~veencrap-
(mean size 11.7 mm TL), while fish caught
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pie, entrained in. 1994, ~vere not seen inpiing flow rate was 10.5 cfs (range 3.1 to
1993. 13.7 cfs). The average reduction in diver-

~--.. sion flow ~vas 7 percent with the screen in~ Of the 357 fish collected in 1994, 68place relative to the average non-screenfish ~vere collected ~vith the screen operat-diversion flow.
ing and 289 fish were collected without the
s̄creen. Striped bass were the most numer-Discussian
ous, followed by shimofuri goby, threadfin
shad, and prickly sculpin. No threatened The Lakos-Plum Creek Self-Cleaning
or end"~ngered or species of concern wereFish Screen reduced entrainment of fish
collected during the 1994 screen test. into the 16-inch diversion on Bacon Is-

land. However, screen efficiency varied de-
For all species combined, the averagepending on the species of fish and life

number of fish entrained per acre-footstage. In general, from spring through
with the screen ~vas 0.10, ~vith a rangesummer in 1993 and 1994, screen effi-
from 0.0 to 21.95, while the average ciency improved and entrainment de-
number of fish entrained per acre-footcreased as fish grew in length.
without the screen ~vas 4.68, with a range
from 0.0 to 35.11. Fish collected under In 1993, the 140 fish collected under
screened conditions ranged in size fromscreened conditions were less than or
7.5 - 29.0 mm TL {mean size 13.7 mm TL) equal to 20.0 mm TL, except for one yel-
while fish collec~ed ~vithout the screenlo~vfin goby that measured 5!.0 mm TL
ranged in size from 4.7 - 335.0 mm TL(Figure 2). Most likely, the larger yellowfin
{mean size 18.1 mm TL}. The mean length goby was entrained before the screen was
of fish collected with the screen was sig- lowered into place, and became stuck in
nificantly less (P.05) thm~ the mean lengththe siphon or net, then later appeared in
of fish caugh~ without the screen, the live-box. In 1994, the 68 fish collected

i under screened conditions were 29.0 mm": Wilcoxon signed ranks test results¯ .~.~." TL and smaller (Figure 3). Overall, the
show that the density of fish collected un-Lakos screen was highly effective at reduc-
der screened conditions was significantlying entrainment of fish over 20.0 mm TL
less (P.05, n=37) than the density of fish(Figure 2 and 3).
collected under unscreenecl conditions
(Table 1). Separating out densities by spe- Although irnpingement mortality was
ties and applying the Wilcoxon signednot measured, past studies have indicated
ranks ~:est sho~ved that the Lakos screenthat approach velocities of 0.2 feet per
significantly reduced (P.05) entrainment ofsecond or lower, and sweeping velocities
shimofuri goby (mean le~gth 14 mm TL)no greater than 0.37 feet per second, are
and striped bass (mean length !4 mm TL)required to prevent impingement and in-
(Table 1). The screen did not significantlycreased mortality of more sensitive species
reduce (P0.05) entrainment of pricklyand life stages. Past test results ~vere
sculpin (mean length 12 mm TL} andbased on the swimrhing ability and im-
thread fin shad (mean length 14 mm TL)pingement of larval and juvenile American
(Table !). An i~isufficient number of paired shad and striped bass.
samples (n) to test ~vith nonzero differ- Average velocity through the Lakos
ences occurred Ibr the follo~ving species:screen ~vas estimated to be 0.21 feet per
bigscale logperch, yellowfin goby, staghornsecond at the maximum diversion flow of
sculpin, black crappie, carp. largemouth15 cfs. However, the diversion flow was
bass, white catfish, and bluegill (Table 1).generally less than 15 cfs during the 1993

While sampling with the screen, theand 1994 screen test, ~vhich would reduce
average diversion flow rate was 9.7 cfs the screen velocity. No measurements

~- (range 3.5 to 12.4 cfs). Without the screen~vere taken of channel velocities sweeping

~ in operation, the average diversion sam-
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past the test screen during 1993 and 1994testing of the screen, a routine mainte-
testing, nance program is needed to ensure that a

¯ - screen is ~vorking properly and meets cur-
If fish avoid entrainment, the assump-rent screen approach velocity criteria.tion is that fish survive. Ho~vever, the pos-

sibility of impingement exists, along ~vith
the potential impacts of the backwash Table E-1. Paired Comparisons of Fish Densitiesspray. If the back~vash system results in

Collected under Screened and Unscreened Conditionsphysical injury to the fish, acute or de-
layed mortality may occur due to injuries Species 1993 Screen Test 1994 Screen Test
or increased vulnerability to predation.Striped Bass P=0.000, n=24 P=0.005, n=22
Vulnerability to predation could also in-
crease if the fish becomes too disorientedShim0furiGoby P=0.000, n=24 P=0.000, n=33

to escape or evade predators. Yell0wfin G0by P=0.463, n=6 * n=3

Flow alterations xvere noted by the Prickly Sculpin . P=0.075, n=6 P=0.207, n=8
farmer. Flow rate declined by as much asBigscale Logperch P=0.012, n=8 * n=3
1.5 cfs when the screen ~vas in position onThreadfin Shad P=0.002, n=24 P=0.328, n=11
the end of the diversion pipe. Although the
increase and decrease in floxv due to op-Largem0uth Bass ’ n=3 * n=2
eration of the screen did not appear toWhite Catfish * n=2 * n=3
impact production or growth of potatoes,Brown Bullhead * n=3 * n=0
corn, and sunflo~vers grown on the island,
it is important to note that the screen FatheadMinn0w * n=l * n=0
operation does impact diversion l]o~v. Carp * n=l * n=l

Operational problems occurred when Stagl~0rn Sculpin * n=0 * n=3
~ii,.i." the siphon lost prime several times from aBlack Crappie * n=0 * n=l
.... leak in the back~vash system, resulting in

no screen sampling during July 1994.Bluegill * n=2 * n=l

Also, fresh water sponge growths peri- All Species
odically blocked the spray jets so that theCombined P=0.001, n=30 P=0.001, n=37
self-cleaning backwash system did not
work properly. The jets needed to be un-
plugged manually t~vo separate times in Values sho~vn are the significance lev-
1994. These features of .the siphon andels from the Wilcoxon Signed Ranks Test.
screen, in particular, ~vould need to beAn asterisk indicates zero catch during
addressed for maintenance criteria and re-paired sampling or an insufficient number
liability before the screen could be used onof paired samples (n) to test with nonzero
a widespread basis in the Delta. differences.

Recommendations And Conclusions Ho: The density of fish collected under
screened conditions is not significantly

The feasibility of test screening other less than the density of fish collected un-
small diversions in the Delta is question-der unscreened conditions.
able. Accessibility to properties and diver- Ha: The density of fish collected undersions, as well as obtaining permissionscreened conditions is significantly lessfrom individual land o~vners to install andthan the density of fish collected undermonitor screens is necessary. After elec-    unscreened conditions at a confidence
tricity is brought to the site for operationlevel of 95% (P.05).of the screeff, appropriate safety and secu-
rity measures are also required. Finally,
due to the problems that arose during the
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1993 and 1994 LAKOS SCREEN EVALUATION,
BACON ISLAND STUDY SITE

Figure E-1
Location of the 1993 and 1994 Lakos Screen Study Site, Bacon Island
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ALL SPECIES

Figure E-2
Length-Frequency Distribution of 5-55 mm TL Fish under Screened and Unscreened Conditions

at Bacon Island Study Site, 1993
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ALL SPECIES
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Figure E-3
Length-Frequency Distribution of 5-55 mm TL Fish under Screened and Unscreened Conditions

at the Bacon Island Study Site, 1994
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Model Tide, Historical Tide, Historical - Model Tide Stage
Low Low Tides

Old River at Tracy
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TESTIMONY OF ALEX HILDEBP, A.ND IN SUPPORT OF
SOUTH DELTA "WATER AGENCY’S

PHASE 2A CASE IN CHIEF

Phase 2A seeks to evaluate and compare all of the Alternatives in the Draft EIR for
Implementation of the 1995 Water Quality Control Plan, especially comparing the alternatives
with Alternative 8, the SJRA proposal. SDWA would like to first propose a method of
implementing one of the Alternatives and then co.mpare it with the other Alternatives including
the SJRA. It is my understanding that the Central Delta Water Agency will be joining in on
portions of the proposals herein.

SDWA offers the following comprehensive water management plan for the San Joaquin
River watershed ("Comprehensive Plan") as a method of implementing tKe 1995 Water Quality
Control Plan and meeting all of the Objectives therein with the minimum amount of impact to
ally water user.

This proposal is generally Flo\v Alternative No. 2 (USBR and DYvq~ being responsible
for the 95 Plan Obligations) but with certain significant changes and restrictions so that
discretionary decisions by the USBR are limited in order to avoid adverse impacts to other
interests. Alternative 2 is appropriate and consistent with SDWA’s previous position that before
any other interest be charged with obligations to improve fisheries and water quality, the Bureau
must first mitigate i~s adverse impacts thereon.

The 1980 Report on the Effects of the CVP Upon the Southern Delta Water Supply
(SDWA No. 48) clearly describes the Bureau’s adverse impacts on both quality and flow in the
San Joaquin River. The Bureau and the State’s impacts on fisheries are clearly evidenced by the
large numbers of fish entrained and killed at the pumps (see DFG and USF&WS websites). The
projects in fact operate under biological opinions that require decreases or actual cessation of
export pumps after certain numbers of endangered or threatened species are killed.

SDWA’s Comprehensive Plan includes the following objectives:

I)     Provide the full proposed VAMP flo~vs at Vemalis in all years with the April/May
31-day pulse flo~v never below 3,200 cfs.

2) Meet the Vernalis salinity standard at all times in all years.

3)    Provide substantia! protection for downstream salmon smolt migration throughout
the migration period and not just for 31 days. (35% of the migration was alleged in expert
testimony before the SWRCB to occur before and after the 3 I-day Vernalis pulse flow).

4)    Provide improved flow and lowered selenium and salinity concentrations in the
San Joaquin mainstem from Mud Slough to the mouth of the Tuolumne in order to benefit
fisheries and protect those parties who divert from this reach of the river. (Phase 2 testimony by
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biologists and fishery experts revealed that there has been no analysis of the effect of these high
concentrations in the river on salmon smolts).

5)    Maintain adequate Vernalis flo~v, particularly in the summer, to meet channel
depletion needs in the South Delta (riparian and public trust needs).

6)    Reduce the salinity in the Delta Mendota Canal (DMC) in order to reduce the salt
load delivered to the Westside Service Area and to reduce the drainage salt load that then reaches
the San Joaquin River, thereby reducing the need for dilution water to meet the Vernalis salinity
standard.

7)    Minimize both the dollar and water cost of providing the desired Vernalis
April/May pulsed flow.

8)    Avoid water acquisitions that impact water users downstream of the sellers and/or
export water users other than water sellers.

9)    Facilitate a quick transition from salmon and export protection to endangered
species protection ~vhenever an export "take limit" would otherwise be exceeded.

Description of Comprehensive Plan

SDWA’s Comprehensive Plan seeks to provide the necessary flows for fishery and water
quality from three potential sources: (1) recirculation and/or (2) purchases from export users
and/or (3) water currently being provided outside of the Bureau’s permitted areas of use. The
water will be provided at times and in a manner to maximize multiple beneficial uses and thereby
use water efficiently.

SDWA’s Comprehensive Plan also includes the coordination of the initial spring-time
drainage from the ~vest side of the San Joaquin Valley (areas served by export water) in order tb
take advantage of the dilution capacity of the San Joaquin River during the pulse flow. SDWA’s
Comprehensive Plan also requires the operation of the three South Delta tidal barriers in
conjunction with export pumping (in order to fully protect superior ~vater rights in the Delta on a
real time basis). Furthermore, it benefits out-migrating smolts in times other than the 31-day
pulse period, decreases exportation of salt, and improves South Delta channe! circulation.

SDWA’s Comprehensive Plan also insures the Vernalis Water Quality Standard is met at
all times as well as providing channel depletion flows which include public trust needs.

SDWA’s Comprehensive Plan limits the USBR and DWR operations by placing
restrictions on their relevant permits such that those entities would have to show ahead of time
how and where they would provide the water. If they could not show this ahead of time or did
not meet any Objective in the 1995 WQCP, then their ability to store or export water would be
curtailed.
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.~.ources of Water

The Board currently has two proposals before it regarding what the flow Objectives for
fish and wildlife should be. The first choice is to implement an Alternative or Alternatives that
will provide the full amount of water as set forth in the 1995 Water Quality Control Plan (Table
No. 3 therein).

The second choice is to adopt new flo~v Objectives for fish and wildlife as part of the
Board’s triennial revie~v of the ~vater quality control plan. SDWA belieges this is the required
step if the Board is considering the adoption of flows consistent with SJRA which are lower than
those in the 1995 WQCP. SJRA seeks to provide flows that are less than the 1995 Plan based
upon the expert testimony given in Phase 2. That test!mony clearly stated that the Department of ¯
Fish and Game and the Fish and Wildlife Service believe there is currently no discemable
relationship bet~veen flo~vs at Vemalis and smolt survivability. There ~ a correlation
between flows past Stockton when the HOR barrier is in place; however, that relationship and
any other relationships would be determined based upon data developed under the VAMP study.

Based on this testimony, the Board as part of this process can "re-evaluate" and change
the flmv Objectives. The legal issues involved in this will be part of the SDWA’s closing brief.

SDWA takes no position on which set of flows the Board should require. However, in
light of the lack of any excess water on the San Joaquin River system, it would seem to be an
unreasonable use of water to require the higher flows if the fishery agencies do not believe there
is any correlation behveen flows at Vernalis and smolt survivability. For purposes of this
presentation, I ~vill assume the Board is requiring the VAMP (not the lesser SYRA) flows and that
export rates are also limited by the VAMP recommendations.

According to the testimony in Phase 2 by Daniel Steiner, providing the supplemental
flows for VAMP (the amount above the existing flows) varies from year to year and requires
from zero to 150,000 acre-feet of water annually. This water should be provided from one of "
three sources:

iRecirculation. This method is the primary source proposed in SDWA’s Comprehensive
Plan. It anticipates the release of water (at a point no lower on the San Joaquin River than the
Newman Waste~vay) where it will add to the flow of the San Joaquin River during the 31-day
pulse flow. This proposal is more specifically described in SDWA Exhibit Nos. 13 and 27 and
partially described in Alternative No. 6 of the DEIR. The proposal requires the use of available
export pump capacity in order to re-pump the additional pulse flow water and a "priming" of the
system to allow the 31-day pulse to occur as desired.

Effects of Recirculation. The proposed recirculation of DMC releases would be
superimposed on the base conditions. The recirculation could provide up to about one-third of
the VAMP flow at Vernalis. Recapture of this component of flow ~vould increase export
pumping during the pulse flow as compared to furnishing the flow by reallocation of water from
users of tributary flows or from export water users. The question is whether this higher pump
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rate is significantly adverse to fisheries and if so are there offsetting fishery benefits from the
proposal? The increased pumping will not draw Sacramento water across the Delta as the
additional water is coming from the San Joaquin. However, the concern that has been expressed
is that when the recirculated water is conveyed to the Central Delta and an equivalent amount is
then drawn to the export pumps from the Central Delta, it will draw with it both resident fish and
San Joaquin smolts. Testimony by fishery experts before the SWRCB during Phase 2 indicated
that when dye and tagged smolts are released at Mossdale, the fish soon arrive in the western
Delta even though most of the dye does not. This.and other testimony such as the movement of
Delta smelt seems to indicate that although small fish largely move with net river flow upstream
of the Delta, they cease to do so in the Central Delta where the net cross flow is very small
compared to tidal flo\vs. This net cross flow should be small during the pulsed flow. In any
event, fishery benefits for the plan should also be considered. The,plan ~vill decrease the need for
New Melones releases to meet the Vemalis salinity standard. This makes more water available
for other uses including fishery flows.

The actual effect this additiona! pumping ~vill have on Delta smelt is currently unknown.
Although the smelt Biological Opinion suggests that it may be a problem, my conversations with
DFG and USF&WS personnel suggest that the factors governing the location and movement of
smelt are simply unknown. Regardless, the questions arise as to whether recirculation pumping
can be accomplished in compliance with the current Biological Opinion for that species. The
answers to these questions is yes.

Taking the later first, the Biological Opinion (page 19 therein) requires the USBR to seek
additional flows above the Vemalis Objective in order that the actual Vemalis flow totals export
pumping plus one-half of the Vernalis pulse flow Objective. Since USBR and DWR always
attempt to maximize exports, the net effect is that most people interpret the Biological Opinion to
require a 2:1 ratio of San Joaquin River flo~vs to exports.

My analysis of this reveals that at the lower end of the Vemalis pulse flows and
depending upon the base flow in the River, there are times when the additional export pumping
of recirculated water simply continues to "ratchet up" the amount of Vemalis flow necessary
under the Biological Opinion. However, I conclude that as the required Vemalis pulse flo~v
amount increases, you can generally provide all or at least most of the additional water needed to
meet the Objective through recirculation ~vithout violating the Biological Opinion. The
follo~ving is a good example: Base flow 5,000 cfs; Vemalis pulse flow Objective 7,000 cfs; Base
export rate 1,500 cfs.

In this example, you would need to recirculate and thus increase export pumping by 2,000
cfs in order to meet the Objective. That makes the total export rate 3,500 cfs. The.Biological
Opinion requires the maximum flow in this instance to be: 3,500 cfs (total export pumping) plus
3,500 cfs (one half the 7,000 cfs objective) or, 7,000 cfs.

As you can see, in this example all of the flow necessary to bring the base flow up to the
Vemalis pulse flow Objective can be recirculated and still comply with the Biological Opinion.
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Clearly as the base flow approaches the Objectives, there is an increasing likelihood that all of
the necessary flow can be provided through recirculation.

With regard to the second question I pose, if export pumping in combination with tidal
barrier operations and/or a pulse flow and/or recirculation result in unacceptable takes of smelt,
then export pumping would have to be decreased. Export pumping cannot and does not take
priority over endangered or threatened species or over superior water rights.

At any time that exports must be curtailed and thus recirculation opportunities decrease,
other alternatives can take over.

The relevant San Luis Reservoir storage permits could be adjusted to allo~v a borrowing
of export water in order to control export levels during the pulse period.. This b’orrowed water
could be replaced at other times just as the joint point proposal contemplhtes. Such a borrowing
method could strive for a "no-net loss" goal as contained in the current joint point operations
under WR 96-5. However, this principal cannot be used to override existing water fight
priorities and must be considered only a goal.

Finally, the other methods of providing the pulse flow water (described below) could take
up the slack occasioned by decreased recirculation.

Benefits. The benefits from the recirculation method are tremendous. Any amount of
flow contributed towards the pulse period up to the full 1995 Water Quality Control Plan
anaounts can be provided without a loss to any water user. It also makes it unnecessary to
purchase water on the San Joaquin River tributaries ~vhich can harm users other than the seller as
described in SDWA 7 and 34. This method can also be used in conjunction with the other
methods in order to determine the most efficient and beneficial method of providing fishery
flows and holding exports at certain levels.

Finally, by providing a portion of the pulse flow above the mouth of the Merced, other;
benefits are realized. Increased flows in that stretch of the San Joaquin River assist in
transporting and protecting Tuolumne and Merced River smolts. It also helps dilute the salinity
and selenium in the river.

I believe it is important to note that this and any other proposal may require further
consultation under ESA. The existing Biological Opinions were based on pre-barfier data and so
should be re-examined. SDWA’s Comprehensive Plan described herein provides numerous and
flexible options for protecting fish which should be included in the Biological Opinion. Such
changes should inure to the benefit of all users as well.

purchases from Exports. The second method for providing flow Objective water is
through purchases from export users. Purchases can be made from the export contractors of the
CVP and SWP including Friant. In recent years we have seen that export or out-of-basin
interests have water to sell. One example is the USBR’s Draft FONSI and Environmental
Assessment dated March 1997 which shows that the Arvin-Edison Water Storage District seeks
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to sell 350,000 acre-feet over 25 years (see Exhibit "A"). Another example is the Diablo Grande
Project. Two of its possible sources of water are from Kern County; the Berenda Mesa Water
District (offering to sel! 75,000 acre-feet), and Bravo Management Company (offering to sell
2,000 acre-feet) (see Exhibit "B"). All of these sources of water can either be directly delivered
to the San Joaquin River System or through exchanges can result in a corresponding amount of
water being directly delivered to the San Joaquin River.

Effects. Purchases from export interests appear to generate benefits while causing no
meaningful harm. By adding water to the San Joaquin River system that was previously not
present, we avoid the adverse effects that accompany in-basin transfers. That is to say, return
flows and the beneficial uses thereof are not affected. These purchases also free up other water
in New Metones which has the potential of increasing allocations for other purposes thus
benefitting those beneficial uses including area of origin parties.

Water Currently Exported in Violation of permits. The third source of water to meet the
1995 Water Quality Control Plan Objectives is from water that is currently exported by the CVP
in violation of its permits. As part of this same water right proce.edings, there is before the Board
the CVP’s request that it conform and consolidate the places of use in its existing permits.
Pursuant to that request, the CVP has admitted that it is currently exporting ~vater to places
outside of its permitted places of use. A review of the documents submitted in support of the
request to conform and consolidate the places of use in the Bureau’s permits suggests that the
amount ofunpemaitted exports is substantial. It is our position that such a significant and
admitted permit violation cannot simply be ignored. There must be a sanction for such actions.
We suggest that the CVP’s permits be changed to decrease its total export for deliveries to
contractors by this same amount, and then allow part or all of this amount to be exported (and
perhaps stored in San Luis) in order to provide pulse flow water to the San Joaquin River.

Benefits. By using this source of water, the Board insures compliance with the
Objectives without any increased exports of water or increased export rates. In addition, by not
delivering DMC water to an agricultural user, there is a small improvement in the San Joaquin;
Valley salt problem in that the total salt imported to the area is decreased. [The Board will
remember from my earlier testimonies that there is currently a large net salt load increase in the
San Joaquin Valley due to CVP deliveries.]

Controllin~ Drainaae. SDWA’s Comprehensive Plan also recommends that the Board
control the release of drainage water to the San Joaquin River via Salt and Mud Sloughs so that
about 50 percent of the drainage is withheld from March 1 to April 15. This withheld drainage is
then released during the pulse flow period when substantial dilution is available. The dilution
must be available near Mud Slough in order to protect the downstream reach that could be
effected by the delayed drainage. This greatly reduces water quality problems in the mainstem of
the river and the need for New Melones releases prior to April 15. This disposes of salt during
the April-May pulse flow when it can be diluted where it reaches the river instead of having to
flow down to the Tuolumne and Stanislaus inflows before full dilution is available. The Board
should note that the smelt Biological Opinion recognizes that upst, ream poor quality drainage
"likely adversely affects Delta smelt and its food organisms." Until the Board or the Regional
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Board takes action to address this problem, mixing part of the drainage with the pulse fto~v
should benefit smelt.

As I have stated before, many of these contractors ~vhose drainage reaches the San
Joaquin River are attempting to voluntarily cooperate and implement this program. I would like
to insure that their efforts are recognized and encouraged by the Board. It is my understanding
that some of these entities are actually working towards a "no drainage" goal. Although this
helps to keep salt out of the San Joaquin River, it means that the salt is being kept in the Valley
and will therefore exacerbate the long-term salt build up problem I have mentioned.

I recommend the Bureau’s permits to export and deliver water to the San Joaquin Valley
be conditioned upon the CVP requiring their users to implement this coordinated drainage
program with certain reasonable goals of increasing percentages mandated over time. In the
alternative, an agreement might be worked out among those parties and thereafter recognized by
the Board as part of its implementation of the 1995 Plan.

Tidal Barriers. Our proposed Comprehensive Plan also requires the operation of the three
tidal South Delta barriers except ~vhen "take limits" reduce export pumping. These barriers (a)
mitigate the impact of the Head of Old River barrier on downstream water supply during the
April/May pulse; (b) create a hydraulic barrier to keep downstream smolt migrants from being
dra~vn to the export pumps before and after the 31-day pulse; (c) protect South Delta diverters
from the loss of adequate water depth caused by export pumping; (d) restore the circulation in
some South Delta channels that is needed to avoid stagnant channel reaches and to control water.
quality; and (e) avoid re-exporting most of the ~vestside drainage salt load that reaches the Delta
via the San Joaquin River. The conceptual operation of the four South Delta barriers is discussed
in SDWA Exhibit No. 13 which is the memo by myself and Mr. Bill Loudermilk of Department
of Fish and Game.

I would like to re-emphasize that the operation of the tidal barriers must be linked to
export operations. Although DWR and USBR choose not to admit it in public, the barriers are:
the best and only practical method of mitigating the adverse effects of the export pumps on the
South Delta. Because of this, the operation of the pumps must be linked to barrier operations.
At any time exports cause lowered levels, reverse flows, and quality problems such that other
beneficial users are impaired, the barriers must be operating if export pumping is to be continued.
Should the pumping and barrier operations result in an unacceptable situation such as an
increased take of Delta smelt, then t)am.’~r operations should o..nly cease if~xport operations are
decreased to the point that the adverse effects on the other beneficial uses have been cured. It
makes no sense to inhibit or prohibit barrier operations in order to maintain exports as the
CALFED OPS Group decided in 1997.

The enforcement of this proposal is more complicated but not impossible. We suggest
the Board require that the existing permits of the USBR and DWR be amended to require that
export operations be conditioned upon the operation of the tidal barriers or some other actions
that similarly mitigate the effects of the pumps on water levels and water quality in South Delta
channels. We realize that the Interim South Delta Program and the permits for the barriers are
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contingent upon "approvals" by USF&WS, COE, and DFG. However, the results of that
process do not change the fact that the South Delta beneficial users are entitled under their
existing water rights to be free of harm caused by export pumping.

As you "know, the Head of Old River Fish Barrier is part of the ISDP. The memorandum
I authored with Bill Loudermilk (SDWA 13) describes ho~v the HOR barrier can and should
allow for some water to "leak" or pass through as needed for downstream rights and uses. The
needed amount of pass through can be minimized by coordinated management of the tidal
barriers.

We have suggested the addition of culverts in the temporary HOR barriers. These
culverts can be screened (as practicable). This practice can also provide further opportunity for
flexibly operating the systems. Water flowing through the culverts can provide more "fish-free"
water reaching the export pumps. When there is a smelt problem, this would/could help avoid
smelt take problems by decreasing the amount of water flo~ving from the Central Delta. If there
is a Delta smelt problem, this ~vould also help provide additional recirculation water with simil~.r
smelt benefits.

Meeti.ng the Vemalis Water Quality Standard. We believe that any plan that assumes the
Vernalis standard will not be met is unacceptable if not illegal. The Board is clearly not
protecting beneficial uses or water quality if it adopts an implementation of the 1995 Plan that
anticipates not meeting Objectives of that Plan.

In order to accomplish this, we suggest the Board require the Bureau to budget a
sufficient amount of water in New Melones to meet the Vernalis standard. Since the other parts
of this Plan allow for the fishery pulse flows to be supplied through sources other than New
Melones, the Bureau could increase its New Melones budget for water quality. Subsequent to
the passage of CVPIA, the Bureau changed its New Melones operations to emphasize fishery
flo~vs. This adversely affects the ability to meet water quality obligations as well as the area of
origin contractors of New Melones water. We believe this change in emphasis, formally
instituted through the Interim Operation Plan, is in violation of paragraph 27 of the Bureau’s
New Melones permits. That para~aph states:

Before making any change in the project determined by the
State Water Resources Control Board to be substantial, Permittee
shall submit such change to the Board for its approval in
compliance with Water Code § 10504.5(A).

In order to cure this problem and to add the necessary incentive to get the Bureau to follow
through with the above-mentioned methods of providing fish flow water, there need to be simple
changes made to the Bureau’s New Melones permits. The original permits recognize the
obligation to make fishery releases and water quality releases. However, the mechanism to
insure compliance only applied to fishery releases. Paragraph 18 of the New Melones permits
state:
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Permittee shall file with the Board a reservoir operation
study showing the water level elevations required to provide the
yield specified in paragraph 17. A reservoir operation schedule
shall be submitted by the Permittee which shall be subject to
approval of the Board. The study shall be updated at least once
every five years until further order of the Board.

Unfortunately, this only applied to the fish release obligation ~vhich was in para~aph 17. We
recommend the Board make this provision also apply to the water quality obligation which
appears in paragraph 19 and the required report be produced every year or two. The Bureau’s
operation of New Melones must result in compliance with the water quality standard at Vemalis.
If the Bureau cannot budget sufficient amounts for water quality, then the Board should require
automatic decreases in exports. It is patently unfair to allow the Bureau to continue exports (the
benefits of the system) when it chooses or fails to meet its permit obligat[ons (the responsibilities
of the system). Such a new incentive ~vill also force the Bureau to take action on the Valley salt
problem caused by the CVP.

Maintaining Adequate Flo~v for Riparian and Public Tr¢. st Needs. As we have shown, the
operation of the CVP (prior to New Melones) resulted in an average annual decrease of flows at
Vernalis of 553,000 acre-feet with 345,000 acre-feet of this decrease occurring between April
and September. The draft EIR for these hearings incorporates the SDWA’s proposal for the
minimum amounts of flow at Vernalis required to provide adequate channel depletion needs. As
I stated before in earlier testimony, these numbers were developed using the information
contained in the Draft Contract and supporting documents produced by DWR, USBR, and our
Agency in the development of the South Delta Barrier Program.

We suggest that the Bureau’s export and New Melones permits be amended to include a
requirement that it maintain these channel depletion needs. This does not create a significant
burden on the Bureau as might first appear. The methods of providing fishery flows listed above
can also be used to provide channel depletion ~vater, again, in most instances at no water cost to’
other interests. In addition, those flows decrease the obligations on New Melones thus freeing up
water, and could further decrease those Ne~v Melones obligations if they are used to provide
water quality flows and not just fishery flo~vs.

An alternative method would be to adopt an amended Flow Alternative 5 if the Board
decides that downstream channel depletion needs should be a responsibility of all tributaries. My
analysis though suggests that the decrease in San Joaquin River flows caused by the Friant
project are greatly in excess of any decreases caused by the other tributary projects since Friant
removes water from the system and generates no return flow. I therefore conclude and
recommend that the obligation rest squarely on the Bureau.

,C .ompariso.n of Alternatives.

I will now attempt to compare this Comprehensive Plan with the other Alternatives and
the SJRA.
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Flow Alternative No. 1 is the no project scenario. Under this Alternative, D 1485 and D
1422 conditions prevail. Given the testimony of the Bureau, it will continue to operate New
Melones tinder its Interim Operation Plan under this scenario. This means that the Vernalis
water quality Objective will not be met in 40 percent of year types. If the Bureau continues to
make purchases on the tributaries under its other obligations (e.g., CVPIA), the Vernalis standard
violations will actually further increase. In addition, one must assume the Biological Opinions
~vill continue posing certain limitations on exports.

The Comprehensive Plan SDWA has proposed is obviously better than this Alternative as
it allows for a meeting of all Objectives (including either the 1995 Plan or the VAMP flows with
a minimum of adverse effects on other users.) Both Alternative 1 and SDWA’s Comprehensive
Plan could result in decreased exports pursuant to Biological Opinions. SDWA’s
Comprehensive Plan however provides flexibility in order to avoid this problem. The SJRA
provides little benefit over Alternative No. 1 as it actually locks in water’quality violations and
does not affect the operation of New Melones which is anticipated to provide a substantial
portion of the pulse flow ~vaters in part by violating the salinity standard and by reducing
summer flows.

Flow Alternative No. 2 assigned the responsibility of meeting 1995 Plan Objectives to the
USBR and DWR with Vernalis flow Objectives being met from New Melones releases. This is a
bizarre proposition since New Melones does not generate sufficient yield to meet all of the
Objectives and thus does not meet the purpose of the project. This Alternative also necessarily
assumes obligations will be violated.

SDWA’s Comprehensive Plan is clearly superior to this Alternative as it allo~vs for the
Objectives to be met in all years. The SJRA is only marginally better than Alternative 2 as it
allows a "relaxation" of its contributions to flows in some years. In the case of such relaxations,
the Bureau!New Melones become solely responsible for the Objectives. We know that New
Melones cannot meet those Objectives on its o~vn and the USBR testified that it had no pIan for
providing the "backup" stipulated in the SJRA.

Flow Alternative No. 3 assigns responsibility for meeting the objectives to various San
Joaquin watershed right holders based upon priority but makes the CVP and SW-P responsible for
insuring such compliance. Through an involved calculation, project releases would
incrementally require the right holders to cease diversions unless the Objectives are met.

Although this method would result in compliance with the Objectives, it is deficient in
requiring senior right holders to mitigate the adverse effects of the projects. It is beyond dispute
that the CVP is the cause of the San Joaquin River salinity problem. To require some diverter on
a tributary to the San Joaquin to cut his diversions in order to meet the Vemalis salinity
Objectives is patently unfair (and probably illegal).

SDWA’s Comprehensive Plan is also better in that it only has potentially significant
impacts to exports (which can be minimized if not avoided) while Alternative No. 3 would cause
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area-~vide significant impacts each time categories of water right holders must decrease
diversions.

SJRA is worse than Alternative No. 3 by not providing the full 1995 Plan amounts, by
insuring water quality violations will occur, by not providing VAMP flows in all years, and by
not having an immediate or viable backup provision. The SJRA is in some respects better than
Alternative No. 3, for example with regard to transferred impacts.

Flow Alternative No. 4 is the same as Alternative No. 3 except the Friant-Kern
component of the CVP is considered an export facility. The DEIR goes on to state that New
Melones, as an in-basin project, has no obligations to make releases for Delta flow Objectives
unless junior right holders cease diversions. In addition, Friant obligations are assumed to come
from’New Melones. I will let SDWA’s counsel address this unnatural construct in his closing
brief.

Notwithstanding the specifics of this Alternative, a comparison results in the same
situation as Alternative 2 or 3. Either innocent parties bear the burden of mitigating the Projects’
effects and/or New Melones is drained of every possible acre foot of~vater. Our Comprehensive
Plan is superior in that it meets the Objectives without wide-spread harm. Again, SJRA would
interfere ~vith fe~ver diverters but insure water quality violations and provide lower fish flows and
lower summer flows.

Flow Alternative No. 5 assigns responsibility by watershed/tributary, fl~ the projects
have mitigated their impacts to fisheries and water quality, the Alternative has appeal if further
flows are needed. However, since additional flows are not needed if the Projects mitigate their
effects, the Alternative also needlessly harms innocent water users. Again, when compared to
SJRA, Alternative 5 provides for the meeting of the Objectives ~vhile SJRA does not.

Flow Alternative No. 6 is the Board’s limited analysis of our recirculation idea. As
described, it is difficult to compare to the other alternatives as it includes the Joint Point Princip.le
to maximize exports.

The better analysis and comparison is done by examining the SJRIO study (SDWA
Exhibit No. 12) along with Exhibit No. 13, the Hildebrand/Loudermilk memo. We believe the
recirculation proposal as part of an overall program is clearly better than the other proposals as I
have and am describing herein.

Flow Alternative No. 7 I understand to be the original VAMP proposal. However, the
SJRGA is now proposing the SJRA which is Flow Alternative No. 8, and so I will compare our
Comprehensive Plan to that.

The SJRA does not guarantee the minimum 3,200 cfs flows set forth in VAMP whereas
SDWA’s Comprehensive Plan does. The SJRA biologists stated in Phase 2 that they believe the
louver end flows of VAMP are more important than the higher end flows because the fisheries are
more stressed at the lower flows. They concluded they would not "trade" extra flows at the high
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end for flows at the lower end. However, this is exactly what the SJRA does in that it contains a
double step during higher flow times while relaxing or removing the minimum VAMP flo~vs
under drought times. SDWA’s Comprehensive Plan on the other hand can and will provide the
VAMP flows in their full amounts.

The SJRA has a double step but no explanation as to ~vhy providing a double step VAMP
data point is more helpful than the "regular" VAMP data point for that year. SDWA’s
Comprehensive Plan as stated above provides the means of gathering all desired data points as
per the VAMP program.

The SJRA guarantees that the water quality obligations will be violated. SDWA’s
Comprehensive Plan guarantees the water quality obligations will be met.

The SJRA ~vill exacerbate those times ~vhen the San Joaquin River provides insufficient
channel depletion flows. SDWA’s Comprehensive Plan insures that these flows will be available
thus protecting beneficial users.

The SJRA costs $4,000,000 per year and sometimes provides no water. SDWA’s
Comprehensive Plan’s cost is undetermined as of yet, but its flexibility allows for a least cost
approach. The incremental cost ofrecirculation is far less per acre foot than water purchases and
it would only pay for purchases as needed.

The SJRA gets flmvs from some SJ-RGA parties. Those parties will make that water
available either by decreasing return flows or shifting the time of use of the ~vater. These actions
decrease downstream flows and cause harm to do~vnstream ~vater quality, beneficial users, and
public trust needs. SDWA’s Comprehensive Plan only contemplates purchases that add to the
overall net flow of the San Joaquin River and thus not only avoids these problems but actually
helps to mitigate the existing problems.

The SJRA "requires" the Head of Old River Barrier and the tidal barriers as may be,’
necessary. SDWA’s Comprehensive Plan sets forth the details of the need and operation of all
barriers in a manner to maximize the most efficient and reasonable use of water for all beneficial
uses.

The SJRA protects only those salmon smolts which happen to out migrate during the 31-
day pulse period. SDWA’s Comprehensive Plan protects a much larger percentage of the smolts
with the corresponding enhancement of the fishery.

The SJRA allows the Bureau to make unilateral operational decisions which resulted in
harm to water quality, downstream interests, and area of origin parties. SDWA’s Comprehensive
Plan specifically forces the Bureau to act in a reasonable manner and in recognition of California
water law.

Based on the above, it is clear that SDWA’s Comprehensive Plan is proposing is superior
to al! other alternatives and in every respect to the SJRA.
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CONCLUSION

The responsibility for meeting the 1995 Plan Objectives (or revised Objectives) should
rest with the entities/parties ~vho have adversely impacted the various beneficial uses especially
fisheries and ~vater quality. I believe it is clear that the State and Federal Projects are those
parties. However, in charging them with the obligation to meet the 1995 Plan Objectives, the
Board must insure that the methods of providing the necessary flows or actions must be done in a
manner that does not shift the harm or burden to third parties. We have seen this very shift in
harm in the Bureau’s operations under WR 95-6.

The best method of meeting the Objectives of the 1995 Plan is SDWA’s Comprehensive
Plan I have described above. It is the only alternative that can fairly and actually meet all of the
Objectives. This Plan enables the State and Federal Projects to provide the necessary mitigation
at a minimum cost to themselves. It is clearly not reasonable to adopt an~ alternative such as the
SJRA which favors some Objectives over others and locks in water quality violations.

Dated: September 14, 1998

HILDEBRAND

C:~dwf.CommenksWestimony AH Re Phase 2A Case in Chief
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FINDING OF NO SIGNIFICANT I1MPACT

PROPOSED WATER TRANSFER BETWEEN
THE ARVIN-EDISON WATER STORAGE DISTRICT AND

THE METROPOLITAN ~,VATER DISTRICT OF SOUTHEPdN"CALIFORNIA

In accordance with the National Environmental Policy Act of 1969, as amended, the Bureau of
Reclamation (Reclamation) has determined that the temporary transfer of water from the Arvin-
Edison Water Storage District (An’in-Edison) to the Metropolitan Water District of Southern
California (Metropolitan) would not result i.n significant environmental img_acts. An
Environmental Impact Statement is therefore not required for tlais transfer.

The u ose~ansfer is to provide a mechanism for Arvin-Edison and Metropolitan to
red._uce the v_ge.ar to year variabilit-,i in surface water supplies available to their service areas.
Historically, to regulate its water supply, ArvLn-Edison has either banked a portion of its supply
of Central Valley Project (CVP) water in the ground~vater basin for later use or exchange_d a
p~vater a~g_sncies located on the east side of the San Joaquin Valley for ~vater
available from the California Aqueduct. Due to changes in supply reliability and cost increases,
certain historic exchanges are no longer feasible. Metropo~seeks to regulate its ~vater
su.u.u~plies to ensure that adequate water sup_p.lies will be available during dry years or periods of
insufficient supply from existing sources.

The transfer ,,viii cover a~ during which An’in-Edison, at its discretion, will
transfer up to 350,000 acre-feet of non-firm Class 2 CVP water to Metropolitan. The water will
be transferred on a "when available" basis, and the point of transfer will be the terminus of the
Friant-Kern Canal. Metropolitan will either bank the transferred water in the An’in-Edison
groundwater aquifer for later retrieval or convey the water directly through the Arvin-Edison
system to the California Aqueduct.

To ensure that the program will not have any effect on other Friant Division contractors or the
San Joaquin River, the water to be transferred and banked under this program is the result of
water conservation measures that will undertaken by Ar~’in-Edison to reduce consumptive use.

Finding of No Significant Impact
Proposal to Transfer CVP Water From Arvin-Edison WSD to Metropolitan WD
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The measures include: (1) conversion of farmland to water spreading ponds; (2) savings in losses
from exchange programs; and (3) tiered vcater pricing and other policy revisions that will reduce
the consumptive use of water by Arvin-Edison’s farmers.

This Finding of No Significant Impact is based n the following:

1.     The transfer progam would not effect CVP operations because the volume and timing of
water deliveries from the CVP to Arvin-Edison would remain unchanged.

2.     The transfer progam would not change existing conditions ofthe biological, physical,
and socio-economic environment because existing CVP facilities would be used.

Note: Environmental documentation under the California Environmental Quality Act h~s been
completed for the construction of new facilities vdthin Arvin-Edison to store and convey the
transferred water.

Approved:

Regional Director, Mid-Pacific Region Date
Bureau of Reclamation

Revised: March 12, 1997

Finding of No Significant Impact
Proposal to Transfer CVP Water From Arvin-Edison WSD to Metropolitan WD
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ENVIRONMENTAL ASSESSMENT

PROPOSED WATER TRANSFER BETWEEN
THE ARVIN-EDISON WATER STORAGE DISTRICT AND

THE METROPOLITAN WATER DISTRICT OF SOUTHERN CALIFORNIA

INTRODUCTION

The Arvin-Edison Water Storage District (Arvin-Edison) has requested approval from the US
Secretary of the Interior to transfer of a portion of its Central Valley Project (CVP) water to The
Metropolitan Water District of Southern California (Metropolitan). The Proposed Action would
provide for the transfer of up to 350,000 acre-feet of Arvin-Edison’s CVP Friant-Kem Class._~2
water, when available, to Metropolitan over a 25-year period beginning in 1997. This water will
be transferred from Arvin-Edison to Metropolitan at the terminus of the Friant-Kern Canal.

After receipt of the water at the terminus of the Friant-Kern Canal, Metr0potitan will either bank
the water in the Arvin-Edison goundwater aquifer for later retrieval, transmit the water directly
through the Arvin-Edison system to the California Aqueduct, or convey the water to the
California Aqueduct tkrough existing non-federal intertie facilities between the Friant-Kern
Canal and the California Aqueduct.

BACKGROUND

Atria-Edison Water Storage District

The Arvin-Edison Water Storage District (Arvin-t~dison) was established in 1942 for the
purpose of supplying supplemental water within its service area boundaries. A_win-Edison’s
service area covers approximately 130,000 acres of highly productive farmland of which 52,000
acres are supplied directly by CVP water. Arvin-Edison’s service area is located in the
southeastern portion of the San Joaquin Valley in Kern Count)’ (Figure 1). Arvin-Edison lies
approximately 12 miles to the south and east of the city of Bakersfield and approximately 15
miles to the north of the Tehachapi Mountains.

Environmental Assessment
Proposal to Transfer CVP Water From Arvin-Edison WSD to Metropolitan WD
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To meet the water needs within its service area, Arvin-Edison provides water to its customers
either by direct delivery of surface wat_er o_.r through e,~ water pr~evionsly~stored in the
underlying ~ound;vater basin. Arvin-Edison has under contract, and has historically received
’,*,,hen available (less some flood control releases), up to approximatel~ of
w___ater amquallv via the Friant-Kern Canal. This water consists of4fl,000 acre-feet of firm (Class
1) v,’ater and~cre-feet of non-fi._f!__m~Class 2) v,,ater. Arvin-Edison utilizes its water
under contract with the US Bureau Reclamation (Reclamation) in three ways: (1) providing the
v,.’ater directly to its customers, (2) placing the water into groundwater storage for later use, and
(3) exchanging water with other San Joaquin Valley water districts.

Arvin-Edison has operated a con’unctive-u e ro’ect since 1967, whereby a portion o.fits Class 2
water, when available, is stored in the groundwater basin beneath Arvin-Edisoa and withdrawn
during periods of insufficient surface water supplies. Historica .    ". - "son ha also
exchanged water with other San Joaquin Valley water districts. This Proposed Action provides a
way--T67 both An’in-Edison anc~-~tr~l~tan t6-opt~m~ze~"-’~he regulation of water available to
Arvin-Edison.

The Metropolitan Water District of Southern California

Metropolitan is a public agency formed under the Metropolitan Water District Act of 1927.
Metropolitan provides imported water to 27 member public agencies to supplement local
municipal water supplies within its six county service area located in Southern California’s
coastal plain. Metropolitan obtains its water supplies from the Colorado Aqueduct, the State
Water Project, and other sources. Metropolitan seeks to augment its water supplies by arranging
for intermittent water supplies to be transferred and regulated to firm supplies by placement in
storage until required during periods of insufficient supply.

Central Valley Project Improvement Act of 1992

The CVP Improvement Act of 1992 (Title XXXIV of Public Law 102-575) (CVPIA), contains
provisions that increase the opportunities to transfer CVP water:

"In order to assist California urban areas, agricultural water users, and others in
meeting tkeir fitture water needs, subject to the conditions and reqitirements of this
subsection, all individuals or districts who receive Central Valley Project water under
water service or repo, ment contracts, water rights settlement contracts or exchange
contracts entered into prior to or after the date of enactment of this title a~re atttkorized to
tr~ gr a portion of the water subject to such contract to any other California
water user or agency, State or Federal agency, Indian tribe, or private nonprofit
organization for project purposes or any purpose recognized as beneficial under

Environmental Assessment
(.. Proposal to Transfer CVP Water From An, in-Edison WSD to Metropolitan W’D
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SPECIFIC ALTERNATIVE LONG-T~P..M WATER SOURCES

in county roadways. Pipeline facilities for water extracted from the west side of the San
Joaquin River would be sirrdlar, although it would not be necessary to cross the San Joaquin
River.

Approvals required to deliver this groundwater to WHWD would include:

¯ Approval of the sale and construction of wells, pumps, and pipelines by the
affected irrigation and/or v,’ater district.

¯ WHWD approval of sale and construction of pumps and pipelines.

¯ County of Stanislaus affirmation of long-term supply.

¯ Approval of a water treatment plant and quality of water by the Department of
Health Sen, ices.

BEP,..RF~NDA MESA WATER DISTRICT (No. 5)

Berrenda Mesa Water District (BMWD) is a California water district located in northwestern
Kern County, largely north, of State Highway 46 and on both. sides of State I’-J.ighway 33 (see
Figure No. 7). All lands are west of and higher tha~ the California Aqueduct.

B.M"vVD is a member unit of the Kern County Water Agency (KCWA), which has a contract
with DWR for over 1 million acre-feet annually from the SWP. BMWD has a contract with
KCWA for approxLmately 155,000 acre-feet of which it is at-tempting to sel! approximately
75,000 acre-feet. In 1995, KCWA and DWR agreed in the Monterey Prindples that KCWA
would transfer up to 130,000 acre-feet of its agricultural water entitlement to non-SWP
contractors, subject to the right of first refusal by other member urdts of KCWA and other
SWP contractors. (The EIR for the Monterey Prindples was cha!lenged in court and in the
fall of !996, the court agreed the process was flawed, but the EIR was adequate.) Sale of
B.~P,’~’D’s entitlement is within the KCWA sale commitment.

Acquisition of water by WI-IWD from BMWD would require assumption of the obligations
and conditions of KCWA/BMVgD to the DWR for SWP water. The obligations would
include financial obligations to assure repayrnen% of SWP bond~ and operating costs and
operation conditions. WHWD would probably not become a contractor for SWP water with
the DWR because it does not now have suffident t~able assets to meet bond requirements.

if WHWD acquires some of BMWD’s contract entitlement, the water could be delivered to
the Diablo Grande main supply line at its crossing of the Calfforrda Aqueduct (Except for
a turnout, no new iadlitie~ would be needed.) At finis lime, the DV~rR ¢anno: provide all of
its delivery commitments to all contractors in many year~ because of lack of storage and
restraints on pumping from the Sacrm:nento--San Joaquin Delta for the California Aqueduct.

3-7
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SPECIFIC ALTEP~NATWE LONG-TERM WATER SOURCES

There would be significant shortages in many years. DWR currently can supply an average
of only about 50 percent of the current demand. To provide for the full needs of Diablo
Grande it would be necessary to (1) have an entitlement twice or more than the demands,
(2) store a portion of the BM3¥’D supply in wet years for use in dry years, or (3) have
alternative backup supplies. Extra wet year water could be stored in Kern County and
exchanged in dry years for KCWA SWP entitlement water, which would otherwise be
delivered through the Ca]ifornia Aqueduct.

WHWD would need to secure approval of the DWR to construct a turnout from the
California Aqueduct. Such approval wOuld be a condition in the water purchase agreement
between WHWD and DWR-KCWA-BMWD.

The DWR would need to apply to the SWRCB to add Diablo Grande to its place of use in
its water rights for the SWP.

Approvals required to deliver BM-WD’s state water entitlement supply to WH~qD include:

¯ BMWD approval of sale.

; ¯ . ¯ KCWA approval of sale and water transfer and a new turnout from the California
L,~,,. Aqueduct.

¯ The DWR would need to approve the transfer because it manages the S%VP.

¯ WHW-D approval of purchase and construction of needed facilities.

¯ County of Stanislaus affirmation of long-term supply.

¯ Approval of water treatment plant by Department of Health Services.

¯ Approval by SWRCB of change in place of use.

MERCY SPRINGS WATER DISTRICT (No. 6)

Met .cy Springs Water District (MSWD) is a Cali.fornia water d~trict located in nod’&western
Fresno Count), consisting of about 3,390 acres (see Fig-are 1). MSWD has an annual
allocation of 13,300 acre-feet of CVP water from the D-MC by contract with the USBR.
~’vVD lands have drair~age li.mitatior~s and drain water is quite saline. Landovmers have
offered to sell t.b, eiz water contract entitlements with or without the land.

WHWD could purchase all or a portion of the water and/or land in MSWD. USBR
administrative procedures provide for transfer of the MSWD contract to WHWD. MSWD
contract provides for use of the water for municipal and industrial (’M&I) purposes as well

3-8
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SPECIHC ALTERNATIVE LONG-TERM WATER SOURCES

¯ Approval by SWRCB of change in place of use.

OAK~/OOD LAKE WATER DISTRICT (No. 7)

Oakwood Lake Water Dis~c~ (OLWD) is a California water disMct located in southwestern
San JoaquLrl Counb’ as shown on Figure 1. OLWD provides groundwater to its primary
property owner in the district, the Manteca Water Slides, a public ,,,cater recreation park
(Park).

The Park currently pumps an average of 6,000 acreqeet per year of water into the San
Joaqul_n River. The SWRCB has concurred in findings of studies 6f the OLWD that most of
the water is groundwater and, therefore, is not under SWRCB jurisdiction. The SWRCB has
agreed/.hat 95 percent of the water discharged to the San Joaquin River can be classified as
groundwater. The balance is dasskfied as underflow from the fiver.

The digc_harged groundwater could be sold to WHWD and transported to Diablo Grande
by pumping at the Banks Pumping Plant and wheeling the water in the California Aqueduct
to a new harnout at the Oak Flat Road. Because the water is pumped into the San Joaquin
River wikhin the Delta, DWR would not normally assess any channel losses. Because the
discharge is into the southern Delta, a carriage water assessment for water quality in the
Delta wouJd not be made as for a transfer from north of the Delta. The water supply could
be produced throughout the year, but wheeling in the California Aqueduct would be limited
by other priority uses and pumping restrictions because of endangered fish in the Delta.
Seasonal regulation in San Luis Reservoir could be provided by DWR. With regulation, up
to 5,700 acre-fee~ could be supplied to ~,VHWD.

Approvals required to deliver OL’C, rD water to Diablo Grande include:

¯ OLWD approval of sale of water.

¯ WHWD approval of purchase water and wheeling agreements.

¯ DWR approva! of agreement to wheel water L.~ the California Aqueduct and
a new turnout.

¯ Covmty of Stanislaus affirmation of long-term water supply.

BtL4.VO ?~LadqAGEMENT COMPMN’Y, INC. (BMC) (No. 8)

BMc is a private company with land and water fights in Kern County. BMC lands include
developments adjacent to the Kern River east of the Ci.ty of Bakersfield. Water rights on the
Kern River date back to 1888 and have been adjudicated. Kern River water is managed by
a watermaster.

3-I0
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¯ SPECIFIC ALTERNATIVE LONG-TERM WATER SOURCES

BMC has offered to sell 2,000 acre-feet per year f~r use by Diablo Grande. The
sale/exchange would involve KCWA. BMC would provide water to Improvement District
#4 (ID-4), a member unit of KCWA which incudes and supplies water to the City of
Bakersfield, and KCWA would release a portion of its SWP entitlement water destined to
ID-4 to WHVCD in the California Aqueduct at Oak Flat Road. BMC would provide water
to ID-4 from a portion of its supply already banked in groundwater storage available to ID-4
and by pumping groundwater from a basin east of the City of Bakersfield in which BMC
has a 9.9 percent interest.

Approvals required to deliver BMC water to WHWD include: "

* Agreement by ~¢~rD to purchase water.

¯ Agreement by BMC to sell water.

¯ Agreement by I’D-4 to exchange water.

¯ Agreement by DWR to wheel water in the California Aqueduct and to provide
" a new turnout.

¯ Agreement by DWR and the SWRCB that a change in place of use for SW’P water
is not r~qutred because it is equivalent to groundwater.

¯ If DWR and/or SW’RCB do not agree that the water delivered to W-H3VD is
equivalent to groundwater, DWR would need to petition SWRCB for a change in
place of use.
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Testimony of Alex Hildebrand for Phase 5
Responsibilities for Meeting the Dissolved Oxygen and

Southern Delta Salinity Objectives

Introduction

In addressing the salinity problem on the San Joaquin River and in the Delta, the
Board should first take note of the statutory directives which bind it and other parties to
these proceedings. Water Code § 12202 states that the SWP and CVP have as one of
their functions "the provision of salinity control and an adequate water supply for the
users of water in the Sacramento-San Joaquin Delta." It is, therefore, appropriate that the
permit conditions of the projects require they abide by their statutory obligations. The
causes of inadequate dissolved oxygen, high salinity, and deficient flow problems are
interrelated, and the measures that can mitigate those problems are also interrelated. Let
us first examine these causes and interrelations.

Causes of High Salinity

The root cause of the salinity problem is almost entirely the operations of the CVP.
In the absence of the CVP we did not have and would not now have a salinity problem.
Our testimony has shown that the salt load which enters the San Joaquin River from the
CVP’s westside service area is the cause of high salinity in the river whenever flows from
eastside tributaries are insufficient to dilute that salt load. We have shown that the salt
load in the river during low flows derives primarily from the import of salt from the Delta
via the Delta Mendota Canal. The substantial natural salt load which derives from the
weathering of soils enters the river largely at times of high flow so that it does not cause a
salinity problem. Other sources of salt load, including cities, would be unlikely at this
time to exceed the dilution capacity of flows from the eastside tributaries in the absence
of CVP operations. Our testimony has also shown that the CVP exports from Friant cause
a major re’duction in the Vemalis flow which would otherwise be available to dilute salt,
particularly in the spring and summer months of greatest concern. Exports to the Bay
Area from the Tuolumne, and some CVP exports from the Stanislaus watershed also
contribute to the decline in available dilution water. Furthermore, the consumptive use of
tributary water has substantially increased.

These specified causes of the salinity problem are not in doubt. SDWA has
provided the relevant information documenting this causal relationship many times. In
Phase 1 of these proceedings, we introduced SDWA Exhibit Nos. 14, 17, 18, 19, and 20.
These exhibits show how the CVP imports salts into the basin and how those salts make
their way to the San Joaquin River. They also show that the CVP Friant operations have
resulted in the net annual decrease of San Joaquin River flows in the amount of 553,000
acre-feet with 345,000 acre-feet of that decrease occurring between April and September.

Page 1 of 9
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This same information was introduced in the hearings that led to the development of the
1995 Water Quality Control Plan as well as WR 95-6.

Similarly, SDWA has introduced in previous hearings the 1980 "Report on the
Effects of the CVP upon the Southern Delta Water Supply Sacramento-San Joaquin River
Delta, California". As that document is an official federal government publication, and as
copies are in the Board’s records, SDWA will request it be made part of the evidentiary
record of these proceedings.

The availability of water to dilute the CVP salt load to meet salinity objectives is
further reduced when the Department of Interior pays tributary water managers to shift
releases from other months to spring and fall fish flows. Before, and to a larger extent
after the adoption of CVPIA, the USBR seeks to make purchase of water on the
tributaries of the San Joaquin River. Indeed, the testimony in Phase 2 confirmed that the
Bureau will continue to seek these purchases. The purposes of these purchases is to
secure additional water to improve instream fishery flows at Vernalis and on the
tributaries. This is so in spite of the testimony of the biologists in Phase 2 that little if any
correlation exists between flows and salmon smolts survival.

The problem with these purchases is that they rob Peter to pay Paul. Absent a
decrease in consumptive use by the seller, the sale water is merely a reoperation. Put
another way, the seller changes the time of use of the water so that it adds to spring (or
October) flows. As SDWA has stated numerous times, this necessarily results in a
decrease at other times. That decrease is generally during times when quantity and
quality are most often at risk in the Southern Delta. Therefore, the actions to increase
fishery flows cause a corresponding harm to water quality and channel depletion needs.
SDWA believes that existing legal principles require that the Bureau mitigate these
adverse impacts caused by its purchases of water.

I believe it is important to restate why we have these water quality objectives/
standards: to protect beneficial uses. Nearly 20 years ago, the Board developed and
implemented a Water Quality Plan through D 1485. At those hearings, witnesses on
behalf of SDWA presented evidence on the harm caused by high salinity in the San
Joaquin River. Although SDWA argued for standards lower than those currently in place,
particularly in March and September, the evidence clearly showed that salinity
concentrations above the current April through August standard (455 TDS or .7 EC) had
a detrimdntal effect on crop production and contributed to an increased salt buildup in
Delta soils. That testimony also indicated that as salinity increased, there was a
corresponding increase in harm to agriculture. In light of this evidence, the Board
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implemented water quality objectives for agricultural uses by setting a salinity standard at
Vernalis and identifying salinity standard measuring points in the Southern Delta. For
reference, SDWA identifies these documents produced for D 1485 as follows: SDWA’s
1976 Phase I Exhibits Nos. II and IV-E; Transcripts of Testimony: Vol. XIV dated
Tuesday, December 7, 1976, pgs. 2:16-47:18, 86:4-87:18, 98:5-17, and 155:17-156:15;
Vol. XXVIII dated Wednesday June 22, 1977, pgs. 122:6-123:11,127:7-128:2, and
132:4-140:11; Transcript dated Tuesday May 30, 1978 (no volume number) pgs. 114:2-
119:21; University of California’s 1976 Phase I Exhibits Nos. UC II, UC II-A, and UC
VII. In addition, during the 1981 triennial review of that Water Quality Control Plan
SDWA submitted as Exhibit No. SDWA 23 the document entitled Water Quality
Considerations for the South Delta Water Agency.

These documents and testimony were previously introduced and are part of the
Board’s files, SDWA will request they become part of the evidentiary record of these
proceedings.

To address salinity considerations, the CVP can take advantage of the tributary
flows released for other purposes to dilute the CVP salt load, but they diminish this
available dilution when they pay tributary managers to shift releases to times when
dilution is not needed. The CVP is almost entirely responsible for the drainage salt loads
in the river that are not indigenous salts and that enter the river at concentrations above
the salinity objectives.

Causes of Inadequate Dissolved Oxygen

The causes of inadequate dissolved oxygen are less defined. Low dissolved
oxygen can result from a combination of high temperature, low flow, and algae and other
aquatic vegetation stimulated by nutrients and sewage outfalls.

There is not much potential for controlling average temperatures in southern Delta
channels. However, low Vernalis flows combine with the drawdown of water levels
caused by export pumping (explained below) to cause stagnant channel reaches and very
shallow water depths which contribute to high local temperatures.

The drawdown of water levels and 10w Vernalis flows often cause a reverse flow
in the river from the Stockton ship channel up to Old River. This reversal is a major
contributor to low DO in that reach.

The other area of DO concern is in the vicinity of the Tracy sewer outfall. DO in
this area is also influenced by the shallow water depth and low flows which occur in that
area. Nutrient loads derive from numerous sources, most of which are now being
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addressed per the Clean Water Act. The Board should note that there are currently
proposed additional discharges into Old River upstream of the tidal barrier location.
Those additional discharges include the Mountain House development’s sewer and storm
drainage outflows as well as additional sewage and storm drainage outflow from Tracy.

Tidal Barriers

I would now like to explain how South Delta water levels and circulation are
affected by the projects and how the tidal barriers can act to mitigate those effects.

The South Delta channels, like any other water system, react to hydrological
pressure and gravity. Without getting too basic, water flows downhill, and towards a
lower water level. In the absence of water diversions in the South Delta, the inflow of the
San Joaquin River flows downstream in all channels. Into this system the State and
Federal Governments introduced their respective export pumps. When operating, these
pumps draw water towards them causing lowered water levels as well as reversing flows
in some channels. These flows reverse because the pull of the pumps cause water levels
lower than exists in the normal downstream channel.

As a means of mitigating these changes, the tidal barriers take advantage of the
tremendous tidal flows experienced twice daily in the Delta. As the tidal flow moves
upstream, it fills the channels and raises the water levels. The barriers then trap these
flows to hold the high levels so that local diversions can be satisfied during low tides. By
manipulating when and how the barriers operate, flow directions can be controlled to
avoid stagnant reaches, flush areas of low DO, and redirect out-migrating smolts.

The HOR barrier only functions to redirect fish. Its largest shortcoming is the fact
that it harms downstream diverters by cutting off flow. Therefore, the HOR barrier
cannot be operated without the other three tidal barriers or serious harm results to
downstream beneficial uses.

As the Board knows, the Bureau is supposed to make releases from New Melones
sufficient to maintain the Vernalis salinity standard. That obligation was not only a
condition of the project’s authorization, it is a condition in each of its permits. Exhibit
SDWA 40 are the correspondence in the Board’s own files since 1990 evidencing the
Bureau’s failure to abide by its permit conditions and therefore violations of the Vernalis
water quality standard. [You will note from the handwritten portion on the July 19, 1994
letter that the Board decided it need not even respond to the Notice of Permit Violations.]

Under its current and proposed operations, the Bureau estimates that it will
(. continue to violate the Vernalis Water Quality Standard in approximately 40 percent of
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historic year types (see SDWA 23). This frequency of violation will be further increased
by water purchases that shift summer flow to spring flow.

Some parties have argued that making releases from New Melones to dilute San
Joaquin River salinity is an unreasonable use of water. This cannot be true. The Board
will recall that the CVP has decreased San Joaquin River flows annually approximately
345,000 acre-feet per year during April through September. The Board could have (or
can now) allow less diversion to storage at Friant in order to maintain sufficient San
Joaquin River flow. Such a decision is not an unreasonable use of water, it is merely a
recognition of whether or not there is sufficient water surplus to the needs of higher
priority beneficial uses. Put another way, the decision of how much water to allow to
flow downstream depends on the satisfaction of various beneficial uses. Therefore, using
an alternate supply for this same flow cannot be considered unreasonable.

A different question is whether area of origin rights determine where such flows
should and should not arise. SDWA has and continues to believe that solving the San
Joaquin River salinity problem should be accomplished in a manner that will free up more
tributary water supplies for tributary needs. However, pending that "cure," the Bureau’s
obligations to mitigate its harm must continue.

Responsibilities for Meeting Objectives

The CVP should bear the entire responsibility for meeting the Vernalis salinity
objective. It causes the salinity problem, it has inferior water rights, and it has pursued
measures which exacerbate rather than mitigate the problem. When it complies with the
Vernalis salinity objective it is still not fully restoring the water quality that existed pre-
CVP and which would now exist in the absence, of the CVP. The CVP failed to build the
authorized valley drain. It has. done nothing to restore dilution water except for
inconsistent %vater quality" releases from New Melones. It has exercised little leadership
toward managing the salt load in westside drainage waters to optimize the use at dilution
water available from flows released for other purposes. It has been unwilling to provide
dilution by recirculating DMC water when excess pump and conveyance capacity is
available. It has made water purchases that reduce the availability of water when it is
needed for dilution. It has not made purchases from export water users to restore river
flow. It is aware that the salt load imported by the DMC could be significantly reduced
by operation of the three tidal South Delta barriers, yet the Department of Interior has
been a major obstacle to obtaining permission to install and operate those barriers on an
as needed basis.

The salinity objectives in the southern Delta downstream of Vernalis on the San
( Joaquin River cannot be met unless the Vernalis standard is also met with some margin,
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and an adequate flow provided. Diverters downstream of Vernalis do not add a significant
salt load. They must be able to divert the CVP salt load that is in their diversions from the
river and then return that salt into the river without causing a violation of the downstream
objective. Meeting this objective is, therefore, also a CVP responsibility.

If the three tidal South Delta barriers were operated on an as-needed basis there
would be no problem in meeting the interior salinity objectives in Middle River, Old
River, and Grantline Canal.. In the absence of the barriers these objectives cannot be met.
The salinity standard at the Old Brandt Bridge location cannot be met with the barriers in
operation unless the Vernalis standard is more than met and Vernalis flow exceeds local
channel depletion. In the absence of the barriers this objective could sometimes be met
due to reverse flows in the Stockton to Old River reach. However, the salinity in the other
channels cannot be controlled without barriers unless exports are greatly curtailed.

Measures and responsibilities for meeting the internal South Delta salinity
objectives, for meeting the DO objectives, and for meeting the flow dependent objectives
are all interrelated, particularly if the three South Delta tidal barriers are not available for
operation on an "as needed" basis. Absent functioning barriers, the reverse flow between
Old River and Stockton is not caused by the City of Stockton. The City should, therefore,
not be required to mitigate the consequences of that reverse flow on DO by, for example,
expensive sewage treatment beyond current practices. The reversal is caused by Vernalis
flow depletion combined with drawdown by export pumping. The projects must,
therefore, correct this DO problem in so far as it results from reverse flow.

The DO problem near the junction of Old River and Granfline Canal, aside from
any appropriate control of nutrients, is again a flow problem. The problem will increase
as new cities and sewer expansions are allowed to discharge in or near Old River. The
flows and in-channel water volumes needed to dispense sewage and other discharges
affecting DO are affected by Vernalis flow, by export pumping, by the schedule of
pumping in relation to tides and seasons, by joint point pumping, and by the effect of
ambient temperature on channel water temperature. Operable barriers could be
manipulated to provide this dispersal, but in the absence of barriers it will not always be
possible to achieve dispersal without substantial export curtailment and Vernalis flow
restoration.

Until flow responsibilities are determined in Phase 8, it will not be possible to
determine in detail the responsibilities and measures needed to meet internal South Delta
salinity and DO objectives. If the flow-dependent objectives are allowed to be met with
water tak’en from other months, compliance with salinity and DO objectives will be much
more difficult and violations will occur. If, on the other hand, the spring and fall flow
objectives are required to be met without any impact on the flow and water quality that
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would otherwise occur in other months, and, if the downstream superior water rights are
required to be met at all times, then responsibility and measures for compliance with
salinity and DO objectives can be determined from a better defined base. Furthermore, it
will be necessary to define what protective measures must be taken either with or without
the three tidal barriers and the Head of Old River fish barrier since no permanent or
adequate permits have yet been issued for any of these barriers.

Recommendations

As part of the Board’s decision implementing the 1995 Water Quality Control
Plan, SDWA recommends the USBR’s export permits be amended to include the
following conditions:

USBR’s ability to export water from the Tracy Pumping
Plant or from the SWP’s Banks Pumping Plant is
conditioned upon (i) the existence of sufficient water
depth in South Delta channels to support local diversions;
(ii) the existence of sufficient water quantity in South
Delta channels to support local diversions and channel
depletions. In the absence of either of these conditions,
USBR exports shall decrease until the condition or
conditions are met. If the conditions are not met, there is
no surplus water available for export as per Water Code §§
12200 et seq.

A similar conditions should be in the SWP’s permits.

USBR’s New Melones permits as well as its export permits should be amended to
include the following conditions:

USBR’s ability to store water in or directly divert water
from New Melones, and its ability to export water from
the Tracy Pumping Plant or from the SWP’s Banks
Pumping Plant are conditioned on the maintenance of the
1995 Water Quality Control Plan Water Quality
Objectives for Agricultural Beneficial Uses in the
Southern Delta. If the CVP’s operational projections
anticipate violations of the Objectives, the CVP shall
cease diverting water to storage and/or decrease exports
until such projections include compliance. At any time
violations of the Objectives occur, export operations shall
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cease, and all of the natural flow of the Stanislaus River
shall be passed through New Melones.

All projects which divert water to storage upstream of Vernalis on the San
Joaquin River and its tributaries shall be amended to include the following condition:

At any time the flow at Vernalis is less than the channel
depletion requirements of the South Delta, all natural flow
shall be passed through or by the permittee.

SDWA believes these permit conditions are clearly required by existing law and
will result inadequate incentive for the Projects to fully comply with the 1995 WQCP
Objectives and to address the San Joaquin River salinity problems.

In Phase 8 SDWA will propose an alternative that will address watershed
measures that will result in compliance with all Control Plan Objectives in the San
Joaquin watershed including the South Delta. The proposal will comply with existing
laws, will minimize impacts on any party, will minimize the cost of compliance, and
make the most efficient and hence the most reasonable use of water.

Dated: August 4, 1998
[    ,

ALEXANDER HILDEBRAND
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Testimony

Gerald T. Orlob
for the

South Delta Water Agency

State Water Resources Control Board Hearings

Implementing 1995 Water Quality Control Plan

I. General Concerns

The adequacy of the water supply of the SDWA for its entitled
beneficial use is dependent upon maintenance of sufficient flow in
the San Joaquin River at Vernalis to meet net channel depletion
requirements within the SDWA at levels of quality that will assure
continued agricultural productivity. The Agency asserts that the
water resources of the San Joaquin Basin above Vernalis have been
over-developed to a degree that makes it increasingly difficult to
maintain necessary flows and water quality, even under present
conditions of operation of upstream projects: Moreover, changes in
operation procedures and reallocation of available water in storage
as proposed under the Water O_uality Control Plan and the San
.~oaquin River Agreement, if adopted, will further jeopardize the
entitlements of the SDWA. The SDWA believes that any action taken
to transfer water out of the basin or to reallocate present resources
geographically or temporally will increase the frequency and
severity of violations of water quality and flow objectives already in
place.

II. Specific Concerns

The SDWA wishes to present factual evidence to the State
Water Resources Control Board addressing the following specific
concerns:

i. Historic development of water resources in the San :foaquin
Basin has resulted in over-exploil;~_~ion of ~he limited ~vailable
surface water resource with a resultant diminution of net outflow at
Vernalis.
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During the period from the early 1940s to the late 1980s when
New Melones Reservoir was placed in operation the total installed
storage capacity of project implemented in the San Joaquin Basin
increased more than four-fold. (See Figure i) Construction of Friant
Dam on the Upper San Joaquin and creation of Millerton Lake was
followed by major projects on each of the other major tributaries to
the main stem of the river, the Stanislaus, Tuolumne, and Merced
Rivers. A result was a combined capability of project reservoirs to
capture the major portion of natural runoff of these streams, retain it
in storage, and divert it to use, largely for agriculture in the valleys
below the dams. Accordingly, irrigated areas expanded, diversions
for irrigation increased (See Figure 2), consumptive use by crops
increased and, in response to the season pattern of regulated flows,
tail waters conveyed residual salt loads downstream during the
irrigation season.

2. Historic expansion of consumptive water u$ing activities in
the basin., beyond the capacity of surface supplies to meet the
.demand, resulted in a steady increase in the use of lower quality
ground water throughout the basin.

Because the storage capacity of projects was sufficient to
capture a major part of surface runoff, and to allow expansion of
irrigated areas, there was an increasing incidence of failure of stored
surface water to meet the demand of agriculture in place. For
example during the 1976-1977 drought surface water supplies were
reduced to about one quarter of the normal demand. (See Figure 2)
To make up for this supply deficiency farmers increased pumping of
ground waters. During the 1976-1977 drought, for example, the rate
of ground water usage nearly doubled over the normal historic trend.
Conjunctive use of surface and ground waters to meet agricultural
requirements is evident in the chronologies of the two sources of
supply as depicted in Figures 2 and 3. Although the quality of
surface water from eastside streams is generally high, tailwaters
from irrigated areas carry virtually the same loads as applied water,
but at increased concentrations depending on irrigation efficiency.
These are delivered to the main stem of the river, either through
ground waters or surface channels of tributary streams, thereby
contributing to its overall degradation in flow and quality.
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3. Salt loads carried by the San ]O~quin River system have
steadily increased over the period of w~tter resource development
.such that the quality of the basin outflow has deteriorated beyond
r.eas0nable target levels for unimpaired agricultural use on the lands
of the SDWA,

Expansion of irrigated agriculture, development of marginally
productive saline lands, increased consumptive use of water,
exportation of high quaJity water out of the basin and importation of
waters of lesser quality have contributed to a salt imbalance in the
San Joaquin basin. More salt is now being added to the basin than is
exported through it only natural outlet at Verna!is. The salt load
delivered by the system varies with hydrologic conditions from year
to year, but on average over the period since the early 1950s the
load has increased about 25 percent. (See Figure 4) During the pre-
Central Valley Project period 1930-1950 the average salt load at
Vernalis was about 750,000 tons per year. Over the period 1951-
1997 the load has averaged more than 950,000 tons per year. Peak
loads have exceeded 1,500,000 tons per year following extended
droughts. Salinities have risen accordingly, especially in drier-than-
normal years when flows at Vernalis are generally lowest.

4. Any allocation of w~ter r~sources that will result in
increased consumptive use, e,g,, evaporation and evapo-
transpiration, at upstream !ocations within the basin will also
degrade water quality and increase the difficulty in achieving water
quality control.

Consumptive use of water by vegetation, or by evaporation
from water or soil surfaces, leaves a residual salt load which when
diluted in the remaining drainage results in an increased
concentration. In normal agricultural use the concentration of salts
in soil moisture in the plant root zone or drainage water below the
root zone is a function of irrigation efficiency: the ratio of the volume
of water used consumptively by plants to the volume of applied
water. Generally, the higher the irrigation efficiency the lower will be
the volume of drainage and the higher the concentration of total
dissolved salts contained in the drainage.. Irrigation efficiencies
customarily range between 50 and 80 percent depend.ing on
irrigation practice, soil properties and crops grown. Accordingly,
concentration factors (ratio of salinities in drainage and applied
water) may range from 2 to 5.
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5. Use of ground water to ~ugment surface water deliveries
d~ring dry or critical runoff periods increases salt loads carried in
return flOWS during these periods, further degrading the quality of
recei.ving waters downstream.

Over the period of water resource development, in the Valley
farmers have supplemented their supplies by exploiting ground
waters underlying irrigated lands. Literally hundreds of wells have
been installed, penetrating aquifers both above and below the
Corcoran Clay layer that extends throughout much of the valley’s
subsurface (See Figure S). The quality of ground water is generally
inferior to that of the overlying surface waters. (See Figure 6) Along
the east side of the Valley the average specific conductance (EC) of
water pumped from wells perforated both above and below the
Corcoran Clay ranges from 250 to I000 microSiemens (about 160 to
640 mg/1 TDS). On the west side of the Valley between the river and
the route of the California Aqueduct the quality ranges from i000 to
2500 microSiemens. Ground waters with concentrations in excess of
3000 microSiemens are evident in some local areas ~ong the west

( " side of the San Joaquin River

6. The burden of ¢0ntro~ling quality at V~rnali$ has been
shifted downstream tO ~;h~ New Melone$ Project, which in dry or
critical years m~y not be ~b]e to release s~fficient high quality water
from storage to reduce salt concentrations at Vern~lis to required
levels,

Under present conditions releases from New Melones Reservoir
are diverted at Goodwin Dam to agricultural use by the South San
Joaquin and Oakdale irrigation districts (SSID and OID), the residual
flows passing downstream in the Stanislaus River to meet local
demands and project obligations to control water quality in the San
Joaquin River at Vernalis. (See Figure 7) In periods of lower than
normal runoff, such as prevailed from 1989 to 1992, (See Figure 8)
project releases may not be sufficient to meet nominal quality
targets, thereby requiring additional releases above the 70,000 acre
feet reserved in the project for quality control. ( Note: Figures 7 and
8 are derived from a memorandum report to Mr. Alex Hildebrand of
the South Delta Water Agency dated September 9, 1997.)
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7. Exportation of New Melones water ~o locations outside of
the hydrologic basin would fur!;her exacerbate an already critical
situation, evidenced by conditions during .historic periods of low
natural inflow to upstream reservoirs,

Proposals to divert water to locations outside of the hydrologic
basin will further reduce the capability of the project to allocate
sufficient water for downstream quality control. If the proposed
increased diversions are made by reducing allocations to SSID and
OID and these are not replaced by corresponding releases from
storage to quality control in the lower river the result will likely be
greatly elevated salinity in the San 7oaquin River as it enters
channels within the SDWA. (See Figure 9). ( Note: Figure 9 is derived
from a memorandum report to A. Hildebrand dated September 9,
1997.)

8. Modifying the temporal patterns of releases from storage to
accommodate other flow requirements, e.g., springtime pulse flows,
may deplete storage that otherwise would be ;~vailable during critical
water quality control periods.

The critical period for quality control for agricultural use in the
South Delta spans the late spring and summer period of maximum
demand for crops, May through September. The most critical months
are July, August and September when flows are usually the lowest in
the San Joaquin and in the tributaries below project dams. This is
also the period when drainage returns with highest salt loads and
salinities are delivered to the San Joaquin River, making the river
essentially an agricultural drain. Consequently, any reallocation of
high quality water from the critical summer months to months when
quality is not the major concern would place additional stress on the
capability of the projects to control water quality at Vernalis. It
would inevitably result in degradation of water quality at other
locations along the river, such as within the reach just below the
mouth of the Tuolumne River where salinity often far exceeds the
desired levels for productive agriculture. Pulse flows, as may be
provided in April and May for the benefit of fisheries, would be of
little value to agricultural users since such flows would only enhance
water quality when it is normally not required. Moreo.ver, such
allocations have the potential to preclude adequate water quality
control releases later in the irrigation season in situations where
releases from storage are limited.
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III. Conclusions

The .South Delta Water Agency believes that the San Joaquin
Basin’s water resources are already over-developed, to a degree that
threatens the ability of existing projects to control water quality in
the main stem of the San Joaquin River, especially in the lower reach
and at Vernalis. Any reallocation of existing resources that would
diminish flows at Vernalis below the net channel depletion
requirements of the Agency, or would increase the salt load and
salinity of the flow above the targets set to assure productive
agriculture is contrary to the interests of the Agency. Water quality
control measures need to b.~~th~i~n~..~e the integrity of
Delta agriculture.
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SDWA 01 1. Total Installed Storage Capacity, San Joaquin Valley,
1900- 1989

SDWA 02 2. Irrigation Diversions from Four.Subbasins, San
Joaquin River System, 1901 - 1993

SDWA 03 3. Ground Water Pumping, Eastern San Joaquin Valley,
1922 - 1980

SDWA 04 4. Annua! Salt Load, San Joaquin River near Vernalis,
1930- 1996

(~,..!~) SDWA 05 5. San joaquin Valley Wells

SDWA 06 6. San Joaquin Valley Ground Water Quality

SDWA 07 7. Schematic of Stanislaus River Water Allocation
Options

SDWA 08 8. Monthly Runoff, Mean TDS and Salt Load, San
Joaquin River near Vernalis, 1990 - 1997

SDWA 09 9. Change in Water Quality Due to Water Transfer
from Stanislaus Basin, San Joaquin River near
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Testimony by Alex Hildebrand for SDWA in
7/98, Phase I and Phase II Hearings by SWRCB

PHASE I Interim Extension of WR 95-6

Introduction

WR 95-6 should not be extended. The Board has not determined what entities and
water sources are responsible for complying with the 1995 flow and quality standards in
the San Joaquin River System and South Delta. There is not yet a scrutinized EIR to
assure that those standards are met in the most water efficient and reasonable manner.
There is no analysis to assure that the 1995 Vernalis spring fish flow standards will not be
met by reallocating water needed to avoid violating water quality standards and riparian
and public trust needs at other times. The Board can not delegate or disregard its
responsibility for these determinations and assurances.

In most years there is no surplus water in the San Joaquin River System. It is all
being beneficially used at some point in time except for flood releases. Increased stream
flow taken from the system at one point in time, therefore, results in a decrease, at some
other time, of the water needed to maintain water quality, protect riparian water users, and
provide for public trust needs. This issue was explained in greater detail in our testimony
to you on April 21, 1998.

There is a potential for more efficient use of the limited supply by better multiple
use and reuse of water. It is also possible, without depriving downstream needs, to
purchase water that derives from increases in water yield by new surface or subsurface
storage, or from decreases in consumptive use of water by sellers. However, these
measures have not and will not happen under WR 95-6

Overcommitment of the San Joaquin River System

Prior to 1950 when Friant Dam and the Delta Mendota Canal went into operation,
water quality in the river down past Mossdale was always very good and flows were
ample with very rare exceptions. As you know from previous testimony, these features of
the CVP caused an average annual decrease in San Joaquin River flow of 553,000 acre
feet, of which 345,000 acre feet is a reduction in summer flow. (SDWA 14). Increases in
exports from the Tuolumne, and increases in consumptive use of water from the
tributaries have further reduced the inflow of the river to the South Delta. For reference, I
am also including other exhibits (now SDWA 15-21) from our testimony in the hearings
that lead to WR 95-6.

Page- 1 -                                     _
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The Department of Water Resources, the Bureau of Reclamation, and the South
Delta Water Agency have an agreed quantification of the channel depletion (riparian
diversions, consumptive public trust needs, etc.) in the South Delta. (SDWA 22). This
was developed in the course of negotiating a settlement of SDWA’s 1982 lawsuit. WR
95-6 provides no assurance that these superior downstream rights will be protected.

New Melones and Water Quality

When New Melones was built, it was expected to provide a new water yield of
about 250,000 acre feet. The State permit required that the project must release dilution
water to meet a 500 ppm salinity standard at Vernalis. The need for the dilution is to
partially redress the salinity damage caused by very salty drainage which enters the river
from the CVP westside service area. In forecasting the yield of New Melones The
Bureau estimated an average annual dilution requirement of about 35,000 acre feet with a
maximum of 70,000 in any year. This was a gross underestimate. The requirement has
been as high as 220,000 acre feet in a single year! This, then, substantially reduces the
reservoir yield available for other commitments. The Bureau has not reduced this New
Melones dilution requirement by controlling drainage or providing other dilution, and it
has refused to carry over wet year water to provide quality control in below normal years
even when there is reservoir space available for that purpose. They, therefore, do not
consistently meet the standard and do not expect to do so. We previously submitted their
analysis of their interim plan. (SDWA 23). It shows that they expect to violate the
salinity standard in about 40% of the water years. This analysis did not even include their
plan to make water purchases. Those purchases increase stream flows for fish by
reducing flows at other times when they are needed to contribute to quality control. This
will therefore further increase the frequency of violation of the standard. This
underestimate of the dilution requirement reduces the beneficial project yield
substantially. Extension of WR 95-6 would, in effect, condone these violations of the
salinity standard.

In your hearing for D1485 we submitted extensive testimony on the loss of South
÷

Delta crop yields when the in-channel water salinity rises above about 450 ppm. We
request that testimony be incorporated into this Record, and can supply it if necessary.
There are about 80 different soil types in the South Delta with a wide range of
permeability. The loss is greatest for the substantial areas that have high fertility, but low
permeability, and hence a low ability to leach the fiver salt load that comes down the river
from the CVP service area.

The effective yield of New Melones for purposes other than fish flows was further
reduced by underestimating the flow required to meet an agreement with the Department
offish and Game. The Bureau only forecast a requirement of 65,000 acre feet in dry
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years and 98,300 acre feet in other years. In 1987 this was changed to a low of 98,300 in
dry years and up to more than 300,000 acre feet depending on year type. They also had
made a 49,000 acre feet "firm yield" contract commitment to the eastern part of San
Joaquin County which they have since only honored in wet years.

A further overcommitment resulted from their contract with the Oakdale and South
San Joaquin Irrigation Districts. Those districts had pre-1914 diversion rights to the
amount of their pre- 1914 diversions for agricultural use within their boundaries. They
also had permitted/licensed rights for storage of water. However, both of those rights are
limited by the actual amount they beneficially use. They were given a contractual right
from the Bureau to more water than their historic diversions. The Bureau then, at times,
uses taxpayer money to buy back part of the contract water that ~s in excess of the
districts’ needs. When this buyback water is used to further augment fish flows there is a
further depletion of water available in the watershed to meet water quality and
downstream water rights at other times of the year. In the absence of the sale, that water
would eventually come downstream or generate return flow.

An extension of WR 95-6 would continue to delegate to the overcommitted Bureau
the discretion as to which obligations it chooses to meet. It also permits it to procrastinate
any effort to reduce the burden on New Melones for mitigating the high salinity and low
river flows that have been caused by the CVP.

Better Multiple Use and Reuse of Water

Instead of extending WR95-6, the overall management of water in the
watershed should be such that water provided for fish flows will serve also for water
quality control, and the supplemental flows needed for Vernalis spring fish flows should
be provided in large part by reusing water instead of depleting the supply of high quality
tributary water that now serves other needs.

The proposal that SDWA presented to you on April 21, 1998 has been reviewed
with numerous stakeholders and agencies and has been modeled by DWR personnel with
input and oversight by technical experts from DWR, USBR, SDWA, the Regional Water
Quality Control Board, and, less extensively, from the Contra Costa Water District and
the San Luis and Delta Mendota Water Authority. The proposal is consistent with both
the 1994 Accord and the 1995 Control Plan. Refer to our March 6, 1998 letter to Walter
Pettit and others and to the January Draft Report by DWR entitled SJRIO Studies of San
Joaquin Recirculation and Reoperation of Wetland Discharge and Tile Drainage (SDWA
12).

Page - 3 -

C--11 581 4
C-115814



The proposal could be fine tuned to be even better. However, we have modeled a
proposal that is fairly simple. Basically we define a base case which involves no water ~
purchases or reduction in diversion rights, but includes FERC flows in the Tuolumne,
Davis Grunsky flows in the Merced, and fish flows in the Stanislaus per the 1987 USBR-
Fish and Game agreement. This base case, however, requires substantial releases of New
Melones water to meet the Vernalis salinity standard, and it falls far short of providing the
31 day spring fish flow at Vernalis required by the Control Plan.

The supplemental flow needed to meet the Vernalis spring fish flow in the control
Plan is then provided by releasing water from the Delta Mendota Canal through the
Newman Wasteway. DMC water will not degrade and will somewhat enhance water
quality in the river. Water equivalent in quantity to the DMC releases is recaptured by
the export pumps and re-exported. This recirculation of canal water is superimposed on
the stream and canal flows and the pumping that would occur in the base case.

The third step is to control the time of entry to the river of some of the agricultural
drainage that now reaches the San Joaquin River via Salt and Mud Sloughs. For the
purpose of the analysis it is assumed that at least 50%of the agricultural drainage can be
held back for six weeks prior to the spring fish flow and that the retained drainage would
then be released during the 31 day fish flow in order to dilute that drainage with the fish
flows from the tributaries instead of diluting it with "water quality" releases from New
Melones. The drainers haveindicated an ability and willingness to do this.

The plan also takes advantage of the reduction in salinity in the Delta Mendota
Canal that results from using South Delta barriers to avoid the capture and re-export of
the salt load in the San Joaquin River. We have a conceptual operating plan for these
barriers that we believe will optimize protections of fish while protecting downstream
diverters. (SDWA 11, & 13). Furthermore, a benefit of the plan is to substantially
improve streamflow in the San Joaquin River downstream of the Merced River during the
pulse flow period.

A substantial overall savings in water and costs, and a better distribution of
streamflow and in-stream water quality would result from the proposal. The benefits
derive from providing the supplemental water for fish flow and the water needed for the
dilution of drainage salts by this proposed method as compared to meeting those needs by
reducing diversion rights, or by water purchases on the tributaries.

We believe that this proposal is a much more water-efficient way to implement the
Control Plan as compared to other proposals. To implement the Control Plan by other

(~- .
means would therefore be an unreasonable use of water which would be damaging to
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water users in the watershed including the South Delta. Extending WR 95-6 would not
result in this more reasonable use of water.                                          ~

Barriers

WR 95-6 does not address the fact that the three South Delta tidal barriers are
needed to mitigate the water level and water quality problems that result from operation
of the export pumps. The export pumping and the barriers needed to mitigate the impact
of that pumping should be viewed as a package. When the tidal barriers are functioning
the water level and quality impacts are avoided. If the pumping is stopped by a "take
limit", the barriers are not needed. When the barriers are not functioning on an as needed
basis, the export pumps must be curtailed as necessary to avoid both the water level and
quality problems, and any exceedence of the "take limit".

This linkage requires that there be a system of monitoring and forecasting water
levels and in channel water quality (including salinity and dissolved oxygen) such that
inadequate water levels and violations of South Delta water quality standards do not
occur. A plan for doing this is being developed with DWR. Extending WR 95-6 would
not accomplish this.

The CALFED Operations Group has become receptive and responsive to SDWA
comments on the effect of its operating decisions. However, final decisions are made by
the agencies and project operators. The SDWA is not, therefore, reliably protected by the
process. Under WR 95-6, the CALFED Ops Group is allowed to make decisions
regarding export and related operations in order to protect fisheries and make up lost
export pumping. Last year, that group delegated some of its authority to a subgroup
which decided to prevent the operation of South Delta barriers while allowing exports to
"ramp up" during the period that the spring fishery flow was being decreased. These
actions were taken without consultation or notice to SDWA. Given that the barriers are
the mitigation for the adverse effects of the export pumps, it is inexcusable that someone
would decide to increase export pumping while at the same time halting the operation of
the mitigation measures. Even if SDWA had notice of this potential action, our Agency
has no voting power on such a decision, and the same results could have occurred. The
SWRCB should not allow any group to make decisions that exacerbate the adverse effects
of the export pumps.

PHASE II San Joaquin River Agr¢ement (VAMP)
r

The San Joaquin River Agreement should not be adopted as now proposed.
(-.. SDWA is not opposed to the fishery objectives of the plan. However, we oppose the flow

implementation proposals in the plan.
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Our Phase I testimony explained that the overall yield of the fiver system is
seriously overcommitted, and we discussed the causes of this overcommitment. The
proposal incorporates the Bureau’s interim operating plan for New Melones which would
include frequent violation of the Vernalis salinity standard, as previously explained. It
also proposes to augment Vernalis flows by water purchases which are not provided by
any quantified, monitored, and assured reductions in consumptive use or increased yield
by the sellers. As explained in our Phase I testimony this would inevitably reduce the
stream flows at other times that now contribute to water quality control and to
maintaining the flows needed for superior downstream diversion rights and public trust
needs.

We also explained that it would be much more water efficient and less costly to
provide the desired supplemental Vernalis spring fish flow by recii’culating water from
the Delta Mendota Canal. Furthermore, this alternative improves stream flow and water
quality in the river downstream of the Newman Wasteway, and in some degree reduces
the need for water quality control releases from the overcommitted New Melones
Reservoir.

We explained that, in the absence of land fallowing or new yield, a reallocation of
purpose of use of tributary supplies will inevitably cause downstream water quality and
supply impacts when the overall watershed yield is already all being beneficially used. If
a pumper in an over drafted groundwater basin can pump and sell water in excess of his
needs, he obviously impacts other users of that groundwater basin. The same is true of a
tributary diverter if he captures and sells water in excess of his needs. He inevitably
impacts the beneficial use of water by downstream interests at some point in time.

For all these reasons, the VAMP implementation plan would be an inefficient and,
therefore, unreasonable use of water in an overcommitted watershed, and would impact
existing beneficial uses of water by downstream parties, most of whom have superior
water rights. These inefficiencies and impacts could be avoided if the supplemental flow
were provided by recirculation of canal flow combined with coordinated operation of the
four South Delta barriers, and if full compliance with the Vernalis salinity standard were
enforced. However, this is not what is proposed. It would, therefore, be unreasonable to
adopt the VAMP implementation plan as now proposed.

Dated: June 1, 1998

ALEX HILDEBRAND
cASDWA\comments\Hildebrand, Al~x testimony
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TESTIMONY OF ALEX HILDEBRAND FOR PHASE 2B OF
BAY-DELTA WATER RIGHT HEARINGS

My name is Alex Hildebrand. I am the Secretary of the South Delta Water
Agency, the President of the Delta Water Users Association, a member of the BDAC,
and a farmer in the South Delta. I have previously given testimony in these hearings, and
my qualifications and background have been previously submitted and accepted into
evidence as SDWA 28.

The statutes authorizing the South Delta Water Agency provide that Agency has
the power:

To do any and every lawful act necessary in order that a
sufficient in-channel water supply may be available for any
present or future beneficial use or uses of the lands within the
agency.

Based on these statutory provisions it is my belief and the position of the South Delta
Water Agency that they have sufficient standing and right to be able to appear on behalf
of the water right holders within the South Delta Water Agency’s boundaries.

I currently reside at 23443 South Hays Road in Manteca, California. This
property abuts the San Joaquin River (see SDWA 60A). At the time of my purchase of
this property and pursuant to my investigations thereafter, my land has always been
contiguous to the river and so is considered riparian under California law.

In addition to my riparian rights, I applied for and now have two licenses to divert
water, License Nos. 7143 and 7144. These licenses are on file and of record with the
SWRCB. I have regularly reported to DWR my water use, three such reports are
included as SDWA 61. My water use began in the year I purchased the property, which
was 1945.

As an additional example of a south Delta diverter, I have included one of the
parcels of land owned by the President of the South Delta Water Agency, Jerry Robinson
who testified in Phase 1 of these proceedings. Some of his land borders Middle River as
you can see from SDWA 60B which is a map of that area. Pursuant to our investigation,
it too has always been contiguous to the river and is therefore riparian. Also, the State
has previously taken the position that all lands within the Delta are riparian due to the
lands’ subsurface connection with the numerous waterways of the Delta. Mr.
Robinson’s farming operation has regularly reported its water use to DWR, and copies of
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some of those reports are included herewith as SDWA 62. Mr. Robinson’s family began
using water well over forty years ago.

My operations do not include a metering system for the water I use. However, I
irrigate in almost every April through September time frame, often in March, and
October, and more infrequently in February and November. The same can be said for Mr.
Robinson, although he has irrigated in every month of the year in the past as conditions
warrant. The DWR and the U.C. Extension Service have extensive data on the
consumptive use of water by various crops. Unconsumed water that we apply to crops
serves to avoid the accumulation in our soils of the salt in the irrigation water. It then
accretes back to the channels.

The place of use of the water I divert from the San Joaquin River is the property on
which I live and farm as shown on SDWA 60A. The purpose is for my domestic use and
the agricultural use on that same land. These limitations are also set forth in my licenses.
On Mr. Robinson’s land, the place of use is also the land that is contiguous to the river,
and it is used mainly for agricultural use with no domestic use.

I believe the evidence presented to date in these hearings clearly shows that
granting the Petitions for changes to the permits/licenses will adversely affect me, Mr.
Robinson, and other South Delta diverters.

SDWA’s and my interpretation of Water Code § 1707 is based upon the plain
meaning of the statute’s language. Section 1707(b)(2) limits any change to situations
where it "will not unreasonably affect any legal user of water."

This is clearly a broad protection and is not limited to only those legal users of the
water as set forth in Section 1702. The statute clearly anticipates that the Board should
not allow changes to permits if those changes unreasonably interfere with the people who
rely on the interconnected water system in California. The statute is not just a protection
of a small group of water right holders with rights to the Petitioner’s water, it is a broad
protection of all legal users. I believe the Board’s Staff’s previous interpretation of
"legal users" is incorrect.

In previous hearings wherein SDWA or other users argued that changes to permits
would adversely affect downstream users, the Board incorrectly described SDWA’s
opposition arguments as being that SDWA was seeking to force an upstream diverter to
release stored water for SDWA’s benefit and at times demanded by SDWA. This is and
was never the case. As SDWA has said numerous times, it is not attempting to force
those upstream diverters to make releases. Rather, it is asking the Board to not approve
changes which will result in changed operations by permit holder. Again, as we have
stated numerous times, if a diverter wishes to change its operations within its existing
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permit terms and conditions, it may do so. However, the statute clearly anticipates that
changes in operations that will result from permit changes must not have unreasonable
effects on downstream users.

I conclude that if the Petitions are granted, they will adversely and unreasonably
affect me and other Delta agricultural diverters. I have previously explained that in most
years there is no surplus water on the San Joaquin River system. Therefore, in those
years, any reallocation of water to improve an April-May pulse flow (as sought by the
Petitioners) necessarily decreases flows at other times either in the current year or
subsequent years. Since the USBR has not in the past, and is currently not operating to
consistently meet the Vernalis Water Quality Standard, the shift in flow that will result
from the Petitions will result in a significant increase in water quality violations.

To evidence this, I will compare the data provided by the SJRGA and DOI in the
ongoing hearings. This examination includes the effects of the New Melones Interim
Operation Plan, on which the SJRA relies, as well as other data currently before the
Board. The Board should recognize that the Petitions cannot be considered in a vacuum.
The requested changes are only being sought as a means of implementing the SJRA.

Before we examine the data, I will clarify that I am primarily looking at critical,
dry, and below normal years. These are the years of concern and greatest risk to the
water quality standard at Vernalis. Since there are rarely if ever any violations of that
standard in above normal and wet years, the effect of the Petitions on those years is less
important to the examination of whether or not they cause unreasonable effects or harm.

Pursuant to data previously submitted (SDWA 41 - 47), changes in salinity are
known to adversely affect the crop yield at given soil permeabilities. In normal farming
operations, there is no way to compare any particular year’s yield with any other year’s
yield and then calculate the effects caused by salinity differences in the applied water.
This is because there are many other variables and the effect of each cannot be separately
determined in field conditions. Each year, differences such as temperature, time of
planting, leach ratios, chemical and fertilizer use, and a myriad of other things affect
yield. Since we cannot measure, quantify, and then relate each variable to crop yield, we
rely on previous scientific studies which did hold variables constant and made findings as
to how changes in salinity affect yield. Those studies, evidenced by SDWA 42 and 47,
allows us to estimate the effect a salinity change has on any particular crop. Depending
on the crop and the soil permeability which controls the ability to leach salts, once a
certain threshold is reached, there is a linear relationship between increases in the salinity
of the applied water and decreases of the yield. It is important to note that depending on
the slope of the line describing that linear relationship, the yield decreases can be
dramatic.
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Mr. Daniel Steiner presented testimony and modeling results on behalf of the
SJRGA. His modeling indicated that with the SJRA in place, in the months of June
through September there are 52 months in which the water quality at Vernalis is made
worse by that program (see SJRGA 11, Table 3 Page 3 of 8) when the pulse modeled in
April (and 51 times when the pulse is modeled in May).

Ms. Peggy Manza of DOI provided additional information on these differences.
Her data looked at contract years and water years. Under contract years, the average July
exceedences of the standard under the base case are 179 ppm TDS, while under the SJRA
they are 198 ppm TDS. The numbers for June are 27 ppm TDS for the base case and 62
ppm TDS for the SJRA. For August, they are 180 TDS and 180 TDS. It is important to
note that the April - August standard is 455 ppm TDS which means that the violations
average at or greater than 40% of the standard.

For water years, Ms. Manza’s data showed similar results. July average
exceedences of the standard rise from 179 to 178 ppm, the June exceedences rise from 27
to 62, and the August stay at 180.

This data clearly indicates that the effects of the SJRA are significant. The
proponents of that plan and the Petitioners herein attempt to combine all the data to
present dampened results. However, the increased number and magnitude of violations
in the summer months is necessarily a significant adverse and unreasonable effect on
agriculture. These effects would result from the Petition being granted. The Petitioners
point to the fact that the SJRA results in fewer violations in October. An improvement in
water quality in October does not somehow offset worse water quality in the summer.
October is a less critical time for agriculture. There is less irrigation than in the summer.
The crops are less vulnerable to salinity at this stage of development.

It is important to remember that the above data is comparing the SJRA to a base
case which includes the New Melones Interim Operation Plan. That plan itself results in
water quality violations in 52.1 percent of the years (see DOI 105). In critical years, the
Interim Operations Plan results in violations in two or more summer months in 15 of the
15 critical years. In dry years there are _violations in at least two summer months in 9 of
the 10 dry. years (see DOI 105a). Ms. Manza admitted that if we exclude the wetter years
in which there are rarely water quality problems, the IOP results in violations in 69.8 per
cent of the years (RT 10600:24-10602:18).

All of these projected violations are much worse than the historic violations (which
are part of the SWRCB’s records). Hence, we see that the SJRA has as its basis a
program that causes extreme harm to those that depend on the Vernalis standard, and
then causes additional harm during peak irrigation months.
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With regard to the quantity of water available to downstream riparians, the effects
are similar. SDWA previously submitted Exhibit 22 which sets forth the amount of
Vemalis flow necessary to supply channel depletion needs in the souther Delta.

Mr. Steiner’s testimony (SJRGA Exhibit 11, Figure 3, page 1 of 5) shows that
under both the SJRA and the New Melones Interim Operation Plan, in critical years the
average Vernalis flow in July, August, and September is insufficient to meet the channel
depletion needs of the SDWA. The range of flows from which the averages are
determined are set forth in the data attached to Mr. Steiner’s testimony.

If the Bureau were operating New Melones in compliance with its permits, it
would be releasing additional water to meet the Vernalis standard in critical years in the
months of July, August and September. Hence, as the SJRA worsens the water quality in
the summer, it also exacerbates the insufficiency of the quantity of water needed by
making the already insufficient amount less useable. I conclude therefore that the
Petition would result in additional unreasonable harm to South Delta riparians.

Finally, the above-referenced data understates the problem. SDWA showed that
under the Petitioner’s plan, they will reallocate 15,000 acre-feet of OID water to USBR
storage. Rather than this reallocation helping to improve Vernalis water quality as
alleged by Mr. Steiner (SJRA 11), SDWA showed that the reallocation actually results in
less water in the channel. This then exacerbates the quality and quantity problems in
years of need.

The Board should also remember that Mr. Steiner’s analysis did not examine the
impacts to future flows that result when the Petitioners refill their reservoir storage space
vacated by the increased fishery releases. It is beyond dispute that without surplus flood
flows, such a recovery of lost reservoir storage will decrease downstream flows during
the time of recovery. Other users depend on those non-flood flows to supply their
beneficial uses. Similarly, Mr. Steiner admitted that for the purpose of his modeling, it
was assumed that OID/SSJID in the absence of the SJRA would take and apply within
their districts their full 600TAF contractual amount. We have already seen that is not the
case. Each of these two false assumptions by Mr. Steiner result in an understatement of
the adverse effects of the SJRA (or the granting of the Petition) on downstream flows and
water quality.

In addition, Mr. Steiner admitted that additional purchases on the tributaries would
exacerbate the problem of water quality and quantity (R.T. 1460:10-15). This year alone,
the USBR has sought additional tributary purchases of 47,000 acre-feet and 50,000 acre-
feet, and that OID/SSJID are seeking to sell 30,000 acre-feet to SEWD (SDWA 63).

[
~, Such shifts in flow patterns exacerbate the situation by further decreasing summer flows

and worsening water quality as explained by Mr. Orlob (see SDWA 34A).
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These changes can also adversely affect fish and wildlife. As per prior testimony
by the panel of biologists presented by the SJRGA, 35 percent of out-migrating salmon
smolts come down the river at times other than during the pulse flow. By reallocating
water to the pulse flow, those smolts are at greater risk by now having less sufficient
transport flows to get them past the export pumps. [Those smolts travel mostly at times
when exports are maximized and the tidal barriers are not permitted to operate.] In
addition, we heard testimony from SAVE the BAY’s witness that the San Joaquin River
water temperature needed to be kept at or below 57 degrees Fahrenheit in summer months
in order to protect Steelhead trout, a federally listed threatened species. The reallocation
of water to the pulse flow period depletes the upstream cold water necessary to protect
that species.

Section 1707(b)(1).Requires the Board to Examine Whether or Not the Petitioners
will Increase the Amount of Water They Use_. In this instance, the evidence is clear. All
of the testimony to date shows that the Petitioners might institute water conservation
measures. However, these measures are neither quantified or assured. No proposed
activities by them reduce their consumptive use, and therefore, they are simply
reallocating the water they do not consume. Put another way, they will be continuing
their current consumptive uses, and also making additional releases of water in April and
May for fishery purposes.

If the release of water for fishery purposes during the pulse is made from storage,
then the amount of water diverted to storage at a later time to make up for those releases
is greater than if the fishery release water had remained in the reservoir. Hence, the
Petitioner will be storing more water in years of refill than was their previous practice. If
they use ground water instead of storage, and continue to store the same amount, again
they are still consuming the same amount of water but changing when the water they
don’t use comes down the river. In fact, what the Petitioners are telling the Board is
that they have the ability to store water in excess of the needs of their service areas.
It is my understanding that under California law, all permits and licenses to appropriate
water are limited to the amount of water that is actually beneficially used by the permit or
license holder. They should have no right to water in excess of their beneficial needs.

Absent a decrease in consumptive use, the Petitioners are seeking the ability to
provide water for an additional use outside their districts without decreasing their current
use.

I do not believe you can condition the approval of the Petitions to mitigate the
predicted harm without requiring the USBR or the Petitioners to add water to the San
Joaquin River system. Anything less than this will simply cause another reallocation of
water which will further deplete flows at some other time and exacerbate the problems
discussed above.
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However, that is not to say that these proceedings should not result in new permit
terms and conditions. As we have stated before, all upstream dam operators should be
required to pass through the natural flow at any time the South Delta channel depletion
needs are not being met. This would also assist in meeting the water quality standard.

In addition, the Board should require the USBR to comply with its permit
conditions to meet water quality as well as its agreement with Department of Fish and
Game (implemented by its permits). That agreement (SDWA 64) Only allows the Bureau
to make ftshery releases in excess of 98, 000 acre-feet after it meets the water quality
standard at Vernalis. The Bureau’s previous statements that additional releases from
New Melones are mandated by CVPIA are incorrect. That statute requires the Bureau to
first meet water quality obligations before budgeting (b)(2) water (Section 3406(b) and
(b)(2)).

Lastly, the Board needs to be made aware of other activities that may exacerbate or
intensify the adverse effects that will result from granting the Petition. The Board is well
versed in the activities of the CALFED process. Board staff regularly attends CALFED
meetings and the negotiations among parties thereto. Recently CALFED under took to
examine the proposed South Delta tidal barrier program. After less than three months of
analysis and input from USF&WS, a CALFED group concluded that it is undesirable to
have three tidal barriers, rather there should only be two barriers and some unspecified
dredging in and about Grantline Canal. Furthermore, they proposed to extend the
operation of the fish barrier at times when the tidal barriers would not be allowed to
mitigate the impacts of the fish barrier. You will recall that the three tidal barrier program
was the result of fifteen years of litigation, negotiation, and analysis. I attempted to give
input in that process, but was excluded from participating and none of my comments or
requests for modeling had any effect on the CALFED personnel. In my opinion, the two
barrier/dredging proposal will not protect South Delta diverters and will probably worsen
the harm they currently endure. This worsening will be substantially exacerbated by the
intent to take water into Clifton Court during low tides. The CALFED Policy Group
recently adopted this proposal. If the Board believes that Delta diverters are/will be
protected by the barrier program, that belief is now without foundation.

The Board should also know that in a recent No-Name Group teleconference, the
modeling to which DWR, USBR, and SDWA agreed under the Response Plan (for joint
point pumping), indicated that export pumping after this year’s pulse flow would cause
lowered water levels to the point where local diversions would be impaired. The Bureau
informed SDWA it would take no action to avoid or mitigate this.

Finally, the DAT Group has recently proposed to once again fie the tidal barriers
open in order to protect smelt while at the same time allowing exports to increase. It is

Page 7 of 8

C--1~ 8 2 4
C-115824



clear that non-govemment~~nterests have little or no say in Delta activities that
adversely affect them. It is time for the Board to protect us.

Dated:,May 24, 1999

ALgXANDER HIL’D’EBRAND "    t

C:kSDWA\Comments\Testimony by AH re Phase 2B
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STATE W. =~ RESOURCES CONTROL BOARD, DIVISION OF ~, . ER RIGHTS
’" ’ ’ P.O. BOX 2000, SACRAMENTO, CA 95812-2000

(916J 657-2170

SUPPLEMENTAL STATEMENT OF WATER DIVERSION AND USE ; ..

If the information below is inaccurate, please line h out in red and provide current information.
Notify this office if ownership or address changes occur during the coming year.

PLEASE COMPLETE AND RETURN THIS FORM BY JULY !, 1997

OWNER OF RECORD: NEWT ROBINSON

NEWT ROBINSON STATEMENT NO:    S009023

STOCKTON, CA 95206

SOURCE: MIDDLE RIVER
S . 0 0 9    0̄ 2 3

.TRIED"2A~Y TO: S.~!q JOAQUIN RIVER DET_.TA CM_ANNELS TELEPHONENUMBER..
COUNTY: SAN JOAQUIN " ( ) -
DIVERSION YEAR OF FIRST USE: 1927

WITHIN: ~ OF ~ SECTION 35, TIN, RbE, MB&M.                    PARCEL NOt

A. Water is used unde~ -Riparian claim    ~    ; Pre 1914 right          ; Other (exptain}:                            :

B. Year of first use (Please provlde if missing above)

C. Amount of Use - Enter the amount of water used each month. If monthly and annual use are not known, check the months in
which water was used.

(~ Amounts below are: [3 Gallons [] Acre-feet [] (other}

Total
Year Jan. " Feb. Mar. Apr. May June¯ July Aug.. Sept. Oct. Nov. Oec. Annual

X x X X X X X

,~_~ _~ ~ x x x x x x x

~996 X X X X X X X.

D. Purpose of Use - Specify number of acres irrlgated, stock watered, persons served, etc.

Irrigation 33 ¯ 5 acres; Stockwatering ; Domestic

Other (specify}

E. Chanoes in Method of Diverslon - Describe any changes in your project since your previous statement was filed. (New pump,
enlarged diversion dam, location of diversibn, etc.}

None

F. If part of the water listed in Part C consists of reclalmed or polluted water, pleas’e indicate the hnnual amounts of reclaimed or
poll,~led water in the space below.

~One

I declare under penalty of perjury that the information in this report is true to the best of my knowledge and belief.

DATED: , 19 ~ at , Ca~ifornla

PRINTED NAME: I.N. Robi~on Jr..
(FIRST NAME) ~MIDDLE INIT.| ~LAST NAMEI

COMPANY NAME:

See back of page for General |nformat~on. If there is Insuffici&nt space for your answers,
please number them in the space provided on the back of this form.

WR,,O-1 SDWA 62
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COiVTII~IUA T~OIV

GENERAL INFORMATION PERTAINING TO WATER RIGHTS IN CALIFORNIA

There are two principal types of surface water r.ights in California. They are riparian and appropdadve rights.

A doarian right enables an owner of iand bordering a natural lake or s~ream to take= and use water on his riparian land. Riparian land
must be in the same water shed as the water source and must never have been sev=.red from the sources of supply by an intervening
parcel without reservation of the rlpadan.rlght to the severed parcel. Generally. a riparian water user must share the water supply
with other riparian users. Riparian right:s may be used to diver1: the natural flow of ¯ stream but may not: be used to store water for
later use or t;o divert water which originates in a different: watershed, or re,urn flows from use of groundwater.’’

An aoorooriadve riqht is required for use of water on nondparian land and for storage of water. Generally, appropriative rights may
be exercised only when there is a surplus not needed by dpad~n water users. Since 1914 new appropriators have been required t:o
obtain a permit and licer~se from the St:ate.

Statements of Water Diversion and Use must be filed by a riparian and pre-1914 appropriative water users. The filing of a statement
(1) provides a record of wetter use, (2} enables the State to notify such users if som.=one proposes a new appropd.adon upstream
from their diversion, and (3) ~sslsts the St:ate to determine if additional water is ava:lable for future appropriators.

The above discussion is provided for general informa’don. For more specific informz-don concerning" wat:er right:s, please contact’an
a=orney or wdte to this office. We have several pamphlets available. They include.

"Statements of Water Diversion and Use"
"information Pe~aining to Water Rights in California"
"Water Rights ;or S~ockpond~ Constructed Frior t:o I~69~

"Appropriation of Water in California"

WR 40-1 (4/97)
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STATE WATER RESOURCES CONTROL BOARD
DIVISION OF WATER RIGHTS

P.O. BOX 2000 SACRAMENTO, CA 95812-2000
"~’"                                                                                                     (9 f 6) 657-1875

SUPPLEMENTAL STATEMENT OF WATER DIVERSION AND USE

;~WT

I ELE~HOt~= r(U~BER:

IF NAI~IEIAPD~ES~IPHONE NO. Ib WOONu OR HiSSIiiGz PLEASE CO~RE~T.

¯ KI6UIARY TU: SAN JD~uUIN qIVLR DELTA CFIAN’~ELS

CUJ~Fy: SAN JDA~UIN                                 YEAR JF FIRST U~: 19Z7

~I[HI’~: 11~ 9F    114 SECTION 3). T21N. RO5E. MDB~t4.

COMPLETE AND RETURN THIS FORM BY JULY I,    I £Y 4

A. ~aler is use0 under: Riparian claim ~; Pre 1914 right~; Other (explain)

B. Year of first use (Please provide if missing above) ~     ¯
C. Amount o{ Use - Enter the Bmount o{ water used each month. ~{ ~onth{y end annuBI use are not

known, check &he mon{hs in which water was used.

........ Amounts below are: ~ Gallons ~ Acre-feet ~ (othe0

TOT~
JAN. FEB. MAR. APR. MAY JUNE JULY AUG. SEPT. OCT. NOV. DEC. ANNUAL

1972

D. #ur#ose of Use - Specify number of acres irrigated, st~ck watered, persons se~ed, etc.
Irrigation ~acres; Stockwalefing #’ox ~ ; Domestic ~ _ _
Other (specify)

E. ChanQes in Melhod of Diversion - Descdbe any changes in your projecl since your previous
was fi~ed. (New pump, enlarged diversion dam. location ol diversion, etc.)             ~

I declare under penalty ol perju~7 that Ihe informalion In this report is true to the best of my knowledge and belief.
( DATED: .. O’U’RE 2 9 ,19 9__~._4, at S’I’OCI{.~’O1~l , California

/
Si~

FO~t27R2
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C-115833



P.O. Box 2000 SACRAMENTO, ¯ "5812-20OO
901 P STREET, SACRAM. ), CA
(916) 657-1364 FAX~ (916} 657-1485

LI(~ENSEE
A o ,-t. ~.:~ ~

REPORT OF FOR 1994, 1995, 199s

OWNER OF RECORD: I S ROBINSON, I NEWTON ROBINSON

APPLICATION: A011694

I NEWTON ROBINSON LICENSE: 003677
7O00 S INLAND DR
STOCKTON, C.A 95206 TELEPH0h’E I~ER:

(209) 466-7915

IF O~ER’S NAYS/ADDRESS/PHONE NO. !S ~0NG OR MISSING,.PLEASE CORRECT.

SOURCE: COUNTY:

MIDDLE RIVER SA!~JOAQUIN

PURPOSE: DIVERSION/STORAGE SEASON: ACRES/HP:

STOCKWATERING JAN 01 TO DEC 31 / 0 AC
IRRIGATION JAN 01 TO DEC 31/ 427.6 AC

A!~OUNT: 4.5 C~S’ REPORT IS REQUIR0£D~C%’-’rF~ TERMS AND CONO~IONS OF YOUR LICENSE

IMPORTA~I EVERY license Is Sub~e~ to the con~tlons therein. I h~ve ~rrently renewed my license: YES [ X ] NO [ ]. I am complying
with the conditions of my I;cense: YES [ X] NO [ ]. Identi~ any noncompliance by l~cense te~ humor under’Reread" on revere
side. This repod is tmpodant in providing the record of use needed in maintaining your water r~ghL It should be fit~ o~ carefully and
returned promptly to the above-llsted address.

THE PROJECT HAS BEEN ABANDONED. AND I REQUEST REVOCATION OF THE LICENSE: YES [ ].

COMPLETE FOR DIRECT DIVERSION PROJECTS

1. Have you used the full llcensed amount of watet each year? YES [ ] NO [ X]..Sufffc:fen1: rainfal!.
2. State the quantity of water used each month in gallons or acre-feet (if not known, check months water w=s used).

1996
COMPLETE FOR STORAGE PROJECTS

3. Did your reservoir spill th;s year? .............. ! 9 9 ,~ 1.9 9 5 ’ 3. 9 9 6
4. If not. how many ~eet below spillway ve~llcally was

the water level at maximum storage? ......... "..
5. Have you emptied the reservoir? ..............
6. How many feet below spillway ve~icaIly was it

drawn down at end of season? ..............

1996

C--115834
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" USE ( CO:.IP~.ETE FOR ALL PROJSCTS)    " ~see pa~-~ f lot year of use)
7. Acm.a;e irrigated .................... ~ "~7 . 5
8. S:~c~.~:zring - num~rof s::cx..., ....
9. Oc~s~¢ - number of pe’s~ns .....

garden area,, ~;c ....... , ,
t0. Fe.zr~z:ien~ ¯ nature o~ use ...........
11. I~d;s:Hzl - nature of use .... : .... L :..,
1~ {Ju~ic{pa! - approximate popu;a{ion .....
13. F;’.~: ;eneralion : K.W,.., .............

I
14.. O:hsr
15. I~ ~ ~vz:~r ~v~s used in one c ¯ ~ ;:~ Veers. briefly state t~ ~ :~s=n under
16. I~ P~ ;cc~::; 3f the pointer 5; ~,~;cn c~ pl~:e of use or ~i;e ¢~ us~(s) h~s been chad;e,: ;~d :he pe~iss~on of ~P;~ ~o~rd has not yet

~r :�:~ine~. p~ease descr::e ~:~r~ of changes under

PLEAS "-A.~;S’,’t.~R ONLY THOSE 3U --$T~ONS BELOW WH!CH ARE APPLICABLE TO "fOUR :PROJECT.

CONS--RVATiON OF WATER

you

18. U ::~!: .’.c,.v~:d beneficial use :.= ,.,=..~er under this license ."it "~’;=_.t=~r not u.~ed due to a ~.=.-.s.-=r;e:icn effort is claime."= j:.der Section 1011 of
t~=- ",’~-=.~=. r Coda, please shot: :~e =_,,’~unts of water

WATE.:t CUALITY AND WASTEWAT-=.R R=CLAMATION

:~9. A:evz’.~noworhaveyoube-:~ =s’.ng rec!aimedwaterf~,m, a wsstew~ter treatment fa-:~,~;."/. ’~esa:ination faculty o~’;:~:e,’pci!u:ed by waste
t: ~ :~;;=-e which unreason~.: y =-~c:3 such water for ot’-.e~ ~e~ef~ci..~ uses? YES [

20. h’c:.=::’.;cw-..;dusaunderth!s ’¢÷rset;nroughsubstitution :f rec~a:med water, desa~ra:=.:w=..:ercrpollutedwate~;r,:=.e’Jofapproprtated
;v’-:=.r ~ ~:la;med under Sect;.:" ":.; .3 of ~.4e Water Code. ;.’=-aze s~ow amounts of red:..:=-~. .~iveFs!on and amounts :,= ;eclaimed water

CONJU,NCT~VE USE OF SURFAC =_ ’,VAT=R AHD GROUND~h’.~TER

21. At.= V:= now using groundv.,=_:÷? !n lieu of sud’,ace wate~ "Y_--S [ ] NO [

22. If :~~:4 :oward usa under thi~ ...: ÷,~se through subst~tutio~ ’~f .~r,’:undwater in lieu of a.c:F:;r;a!.=d water is c|a~me¢ ~:nder .Section 1011.5
cf :;-e ’,’/:=~ter Code, please sr: ,,, :na amounts of gtound;,;:=:er used:

REMA.’?X3: (Ident ,~! the item you ~.’÷ e.’~;i~!n!ng. Addltlonal ;’.-=;as ..may be a~tached.)

I declar=. ,.:" :÷. p. enalty of perjury t:" =.:.:he informaSon in this re;oK is true to the best of my ~,~’.;’:Aed;e and belief:

. (/. LIC£NSE£ (OR AGENTC= ~-’~;G,~-’1
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STATE OF CAI.IFORFHA

THE RESOURCE5 AGFNCY

STATE WATER RE.SOURCES CONTROL BOARD ¯

DIVISION OF WN’I-~R RIGHTS

ORDER

ORDERALLC~ING CJL~!’~GE IN PLACE OF USE

WI{EREAS License 3677 was issued to Abigail Meyer and Estate

of Lelani Meyer and vas filed ~rith the County Recorder of San Joaquin

County On February 25, 1953~ and

WI~/~EAS said license was subsequently assigned to I. N. Robinson~

Jr.~ Isabelle Smith Robinson mid the Rio Blanco Corporation~ and

WI[EREAS the State Water l~esources Control Board ha~" found that

the change" in place of use tu]der said license for which petition was

submitted on December 5~ 1~67~ will not operate to the inOury of any

other legal user of water~ and

WI-~I~’~ the Board has approved and allowed said change and has

directed that an order be issued to describe said place of use in

accordance ~lth said petition]

N~.’; THEREFORE IT IS ORDERED that per~ssion be and the same

is hereby ~ranted to change "the place of use under said License 3677

to place of use described as follows~ to ~it.:

IRRIGATION OF A ~T AREA OF 42y.6 ACRES WIT~£[N A GROSS
AREA OF 507.0 ACRES CONSISTING OF 79.~ ACRES WITHIN E½
OF SE~ o~ SEC~OJ~ 7, 73.8 AC~ES WIthIN W½ OF W½ OF
SECTION 17 AND 353.8 ACRES WIT}[~N S½ OF SECTION 18~ ALL
WITHIN TIS~ R6E~ ~IOB&M~ AS .SHOWN ON ~DIP FILED WI~{ ~H~
STATE WATEq~ RESOURCES CONTROL BOARD.

K. L. Woodwa~.d~ Chief
Division of Wa.ter Ri~hts

C--115836
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¯ . ;. S, TATE OF C. _IFORNIA.---DEPARTMENT OF RUBLIC
DIVISION OF WATER RESOURCES ¯ .i.,. ~-,.: ,..~

~ .

STATE ENGINEER

: ..... ~":’ kicense~l:or" Biv.ersiofi"and:,’::Us~:

~f~ :":’.;o. ".
’.,.Ablgail.,.~yer.and~Estate,of.L~land Me~r,,’.~

:-.,, ... T~-ns Is To, C~.Tn:Y,~,. rh.l ..... /o.,.~.0~.~.L.,~y.e~,,.~ ~:, ,,,;;,~ ........ , ,..,:, ......... .~....:, .,,.;. ,~&..; :; ..
.:’. ............ : ...... ., Ro~te.,6,-Box.662 .,.i, ’, .........:..,, ..:: .... ..,~ .... .;...: ........ ,~,~.~f,., .
¯ . ¯ ., . Stockton,.,C~ifo~ia ......... .,..:-..

., ......................... . .... . .... . .... . ..... , ,.h~e .... ,u.~r,.J~ro;L~.~.o~ ~y.,20,. 1952.,.,,.. .... 4-2(th: ~te o/i~tspe¢llott) lo the ~ati~factiott o/lhe Slate ~&itletr o/,Calilo~i~ o~’~’ ri&~t "to, tlJt ~~e o~ lh:, 1valet. o~ "

~lddle Hirer in. San.Joaqu_tn CoL~ty.., ........... ~ .............. - ........ . ........ ..^ .,: .......... ’

lri~uta’tylo .... San ~oa~n ~iye~ .....

[or t~e p~r~o~e of irr[~tion aM atock-vate~ing usea ..... -’. ............

a.d that lh: ~mount of ~¢r’ to’wbicb ~uch’r)~h~;~’e~l;tl:d a.d hereby confirmed, for the purpose; afort~aid, i~ limited

¯ 5) cubic fept per second to be diverted from J~ry 1 to ~cembeg’3[of each
year,

~e equlv~ent of such continuous flow allow~ce for ~y thirty day peri~
~y be diverted in a shorter time if there be no interference with other vested
rl~ts.           . ~..

(~ ,     west (~I°05’W) three tho~and nine h~drcd four (~04) feet from ~q corner of
...... Section 18, T 1 S, R 6 Z, ~, being within ~ of ~ of Section 13, T 1 S,

RS~, ~.

A descriptio, o[ th~ l¢.ds or t~ plac~ where s.ch w,szer i~ lint to bt.eficM use is as follows: /427.6 acres
in S~ of Section 18 and W½ of W~ of Section 17, T I S, R 6 ~., MDB&~,{, as shown on
map filed with State ]~nglneer,

; "’1

All ri&hl~ attd ],rivileg¢~ ~ts,lcr lbls licett~e iucludin~:’;n:lhod
,llvcrtcd are *ubjcct /o the cot~huuh*g authority ~[ the ~¢J, arQttcM. ~(li~zg through tb: Stat~ ~ugzn:¢r tq ,c~or4~nc:

uqr:am.abl¢ method of diu:rsion of lald water.

Keporh ~hall be flied promptly by licensee ou a~ro~rta~¢ forms ~vhzch will be I, rovtded for th¢ ~uOo~e from
’llttlC t0 litttt by the Slat: En&in::r.

, ~l     :    ) " : ""

h~rel, specified a.d to the lamb or place of use herein des¢ribed.:. ; ’ . " .,
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C--115839
C-115839



EXECUTIVE SUMMARY

i PROPOSED ACTION: The B~eau ~fReclm’nation (Reclamation) proposes a one-year purchase
of up to a ma.’ximurn of 47,000 acre-feet of‘,vater from water users on the San Joaquin Pd‘,’er and its
tributaries in 1999 (separate from other existing agreements/contracts) for the following purpose:

SanJoaquin I’dver System. Up to 47,000 acre-feet may be acquired from the San Joaquin
Pdver Group Authorib’ in order to provide additional stream flows for anadromous fish in
the San Joaquin River at Vernalis and its tributaries for the 31-day spring pulse flow in 1999.
The project objecti‘,,e is to pro‘,’ide up to 47,000 acre-feet of additional ‘,vater for the pulse
flow in April-May 1999, under the San Joaquin River Agreement. This additional water is
needed to support the Vernalis Adapti,.’e Management Plan ~AMP) and to provide
protective measures for fall-run chinook salmon in the San Joaquin River.

Due to uncertain hydrologic conditions that may occur during April and May, Reclamation may
actually purchase less ‘,vater, but the analyses in the EA/IS ,,,,’ere made to analyze the potential range
of purchases that may occur for !999. Hydrologic conditions in 1999 when combined with the ,,vet
)’ear in 1998 could mean that additional water above the 110,000 acre-feet that is provided for under
the San Joaquin River Agreement (S JR_A) may be required to meet the ~,~AMP flow target.

ENWIRONMENTAL IMPACT REVIEW PROCESS

The Bureau of Reclamation (Reclamation, Lead Agency under NEPA) and the San Joaquin River
Group Authority (Authority, Lead Agency under CEQA) ‘,,,’ill seek public comments on the Draft
E.4£IS. Follo~’ing public review and consideration of public comments that ‘,,,’if! be incorporated into
a Final F.AZIS, and assuming that no significant effects are determined to occur for the one-year
project, Reclamation may acquire the additional water.

DECISION TO BE M.~DE: The Bureau of Reclamation and the San Joaquin River Group
Authorib" expect to approve a Finding of No Significant Impact and a Negative Declaration on the
proposed action.

SUMMARY OF ENV-IRONMENTAL CONSEQUENCES: The proposed action p0tentially
affects a varieb" of resources and concerns. Table ES-1 summarizes the environmental effects of the
water acquisitions for each component. For each resource and concern, there are either no impacts
or impacts are less than significant.

DRAFT EA/IS March 30, 1999
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STATE WATER RESOURCES CONTROL BOARD

PUBLIC HEARING

1998 BAY-DELTA WATER RIGHTS ~EARI~G

HELD AT:

BOIqDERSON BUILDING
901 NINTH STREET

SACR3h~IENTO, CALIFORNIA

THURSDAY, JULY 30, 1998
9:00 A.M.

Reported by: ESTHER F. WIATRE
CSR ~0. 1564
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~ Go ahead.

~ C.O. CAFFREY: But we appreciate it. Go ahead.

3 ~IR. HERRICK: Do you have an understanding to whether

4 or not Mr. Steiner’s modeling included any potential

5 purchases under any other --

6 ~iR. PLOSS: I am not aware of that.

7 ~IR. HERRICK: The San Joaquin River Agreement provides

8 certain conditions or relaxations of conditions. Does the

9 Bureau have any pians at this time for -- has the Bureau

I0 identified sources of water it may purchase in order to make

ii up for any relaxation of a VAIqP flow?

12 ~i~. PLOSS: No we have not.

13 ~R. HERRICK: So, the Bureau has not identified any

14 sources of water that may be purchased to ~ake up in a year

15 that the objective is relaxed?

16 ~. PLOSS: The San Joaquin River Agreement provides

17 for water purchases from willing sellers in those

18 conditions, but does not identify who those parties will

19 be.

20 ~i~. HE,RICK: Mr. Ploss, the word "backstop" has been

21 used in the San Joaquin River Agreement discussions. I

22 understand that to mean that, if for some reason the

23 a~reement is terminated or interrupted for some reason, that

24 the Bureau and DWR are offering to backstop the obligations.

Is that correct?

CAPITOL REPORTERS    (916)    923-5447 1772
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~. PLOSS: We are assuming to take on the

~ responsibility of complying with the 1995 Water Quality

3 Control Plan in that circumstance.

4 l~_I~. I{ERRICK: When you say "comply with the Water

5 Quality Control Plan," you are talking about the 1995 Water

6 Quality Control Plan objectives?

7 ~. PLOSS : Yes.

8 ~IR. I~ERRiCK: You are not talking about San Joaquin

9 River objectives?

~0 FIR. PLOSS : lqo. 1995 Water Quality Control Plan.

[i FiR. HERRICK: Would you agree that your agency’s

[2 modeling of the operations of New ~lelones show that there is

~!iii~~ [3 insufficient water from lqew Melones to xneet el! of the 1995

[4 Water Quality Control Plan objectives?

[5 I~/~. PLOSS: Yes. As well as many other purposes of

[6 water out off New ~elones.

[7 ~IR. HERRICK: Has your agency then done any calculation

[8 or detez-mination of how you might backstop the San Joaquin

!9 River Agreement?

!0 ~R. PLOSS: No, we have not.

!i ~/~. }{ERRICK: The San Joaquin River Agreement allows

12 for the operations plan, I wi!l say, to be disputed by any

:3 party as it is being developed. Fair assumption?

4 ~IR. PLOSS: That’s fair.

M/~. I~ERR!CK: In that event, the parties are supposed

CAPITOL REPORTERS     (916)    923-5447 1773

C--115845
C-115845



Oakdale Irrigation District/

South San Joaquin Irrigation District

Water Transfer Project
Draft Environmental Impact Report

PREPARED FOR THE

0113 rraT~

~
~__ SAN JOAOUIN

~~ ~ IRRIGATION DISTRICT

PREPARED BY

 E-I-P 
AS ~ 0 CIAT£ $

March 1999

C--115846
C-115846



|
I 2. SUMMAR Y OF IMPA CTS AND MITIGA TIONMEASURES

PROJECT UNDER REVIEW

The O]]D/SSJID proposes to transfer up to 30,000 acre feet (AF) of surface water annually over
a 10-year period from O~3 and SSJID through existing conveyance facilities to the Stockton East
Water District (SEW-D) and its customers, the City of Stockton, and the Lincoln Village and
Colonial. Heights Maintenance Districts. The transferred water would be used by SEW-D and its
customers primarily for direct municipal and industrial use by the City of Stockton, California
Water Service Company and the Lincoln Village and Colonial Heights Maintenance Districts in

l order to reduce groundwater pumping and enhance of the Eastern San Joaquinrecovery

Groundwater Basin. Although it is likely that SEWD would maximize the use of purchased
water to conserve other available supplies, it is unlikely the entire allocated amount would be
full)’ during the ten-year period. For a complete description of the proposed project,utilized
please see Chapter 3, Project Description.

SUMMARY OF IMPACTS

This summary provides an overview of the analysis contained in Chapter 4, Environmental
Setting, Impacts and Mitigation Measures. The following issues are addressed in Chapter 4: water
resources, and fisheries.

Levels of Significance

An EIR uses a variety of terms to describe the level of significance of adverse impacts identified
during the course of the environmental analysis, as defined below.

¯ Significant and Unavoidable Impact - Impactthat exceedsthe definedstandardsof

significance and which cannot be eliminated or reduced to a less-than-significant level
through the implementation of feasible mitigation measures. No significant and
unavoidable impacts were identified for the proposed project.

¯ Si~ificant Impact - Impact that exceeds the defined standards of significance and which
can be eliminated or reduced to a less-than-significant level through the implementation
of feasible mitigation measures. No significant impacts were identified for the proposed

"project.

¯ Less-Than-Significant Impact - Impact that does not exceed the defined standards of
significance.

C--115847
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2. Summary of Impacts and Mitigation Measures

S_i~nificant Impacts

Under CEQA, a significant effect on the environment is defined as a substantial, or potentially
substantial, adverse change in any of the physical conditions within the area affected by the
project, including land, air, water, minerals, flora, fauna, ambient noise, and objects of historic
or aesthetic Significance.

Implementation of the proposed project would not result in any significant impacts and therefore,
no mitigation measures are proposed.

Effects Found Not to Be Significant

The analysis identified less-than-significant impacts for reductions in surface water levels in the
Stanislaus and San Joaquin Rivers. Associated decreases in water quality and the potential to
adversely affect fisheries habitat is also considered less than significant. In addition, the proposed
project would result in 1.ess-than-significant impacts as a result of increased groundwater pumping
within OID and SSJID and associated reductions in groundwater quality.

Statutorily Required Impact Sections

Chapter 5 of this ErR includes discussions of Cumulative Impacts (5A), Growth-Inducing Impacts
(5.2), Irreversible Changes to the Environment (5.3), and Significant and Unavoidable Impacts
(5.4).

Cumulative Impacts

Cumulative impacts of the proposed project are described in Chapter 4 and summarized in
Section 5.1, Cumulative Impacts. For the purposes of the cumulative impact analysis for this EIR,
the "cumulative context" for the proposed project is defined as existing and reasonably foreseeable
future projects within a geographic area that would contribute to the particular cumulative
impact. The cumulative analysis focuses on implementation of the proposed project in
conjunction with other water transfers from the Stanislaus River and additional groundwater
pumping of the Eastern San Joaquin County and Modesto Groundwater Basins associated with
other water transfer projects.

Growth-Inducing Impacts

Gro~,xh-inducing impacts are discussed in Section 5.2. The proposed project is the interdistrict
transfer of surface water through an existing water conveyance system. No new infrastructure
would be constructed. The proposed project would provide additional surface water to SEWD
and its customers to enable users in the District to decrease groundwater pumping to provide for
urban water uses.

The proposed project does not anticipate a net change water availability because it would
substitute sources of supply without affecting the quantity of water used. However, it is possible

0--115848
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2. SummaD" of Impacts and Mitigation !yleasures

that the City could continue to pump groundwater to meet urban demand. However, any
increase in demand and associated growth would not be over that evaluated and approved as part
of the City of Stockton’s Genera! Plan Revision and Infrastructure/Public Facilities Master Plan
Environmental Impact Report and Findings, Statement of Overriding Considerations. Therefore,
the proposed project would not induce growth or support population increases over that
projected and previously evaluated and approved. If growth beyond that approved in the City
of Stockton General Plan occurs, and an additional supply source is required beyond that which
currently exists (including the proposed transferred water), then additional environmental
documentation would be required to evaluate the potential impacts (including growth-
inducement) of developing and distributing that new supply source.

Irreversible Changes to the Environment

Significant irreversible changes identified as a result of project implementation are discussed in
Section 5.3. Because the proposed project would not involve new construction, it would not
involve a commitment of nonrenewable resources, it would not involve uses in which irreversible
damage could result from potential environmental accidents, and it does not include
consumption of resources that is not justified. Furthermore, one short-term transfer would not
result in a change in net water availability. Therefore, the proposed project would not result in
any significant impacts.irreversible

Unavoidable Significant Impacts

Implementation of the proposed proiect would not result in any significant and unavoidable
impacts.

SUMMARY TABLE

Table 2-1, Summary of Impacts and Mitigation, located at the end of this chapter, has been
organized to correspond with the environmental issues discussed in Chapter 4. The summary
table is arranged in four columns: 1) Impacts 2) Level of Significance Prior to Mitigation; 3)
Mitigation Measures; and 4) Level of Significance after Mitigation. Two alternatives were
considered as part of this environmental review, the No Project Alternative and the Proposed
Project.

ALTERNATIVES ANALYSIS

In accordance with Section 15126 of the CEQA Guidelines, an DEIR must describe a reasonable
range of alternatives to the proposed project that could feasibly attain the objectives of the project.
The comparative merits of these alternatives must be described and evaluated. The CEQA
Guidelines require that the No Project Alternative and its impacts be evaluated and that an
environmentally superior alternative be designated. The alternatives analysis also includes a
discussion of an alternative that was considered but was rejected from further analysis. The City
of Stockton considered use of water from the Delta. However, this alternative was rejected from
further consideration because it wouldbe the transferimplementableduringnot 10-yearwater
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2. Summary of Impacts and Mitigation Measures

period, the outcome is uncertain regarding the City’s water rights application, the water would
require substantial treatment, and implementation of this alternative would result in substantially
more significant impacts when compared to the project.

The alternatives are evaluated in Chapter 6 (Alternatives) in this DEIR.
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AGREEMENT

NOW THEREFORE,-the Parties agree as follows:

I. The Parties agree to implement the following program of fishery
instream flow releases from New Melones Dam to provide (1) flows
acceptable and reasonable for upstream migration, shawning,
incubation, rearing and downstream migration of chinook salmon and
(2) the basis for expedient completion of biological studies to
identify long-term instream flow needs of the Stanislaus River
below Goodwin Dam.

II. Each year the Bureau shall compute the supply available for.
annual fishery instream flow releases using the procedure described
in Exhibit C. For the purposes of this AGREEMENT a year shall begin
on March I and end on the last day of February of the succeeding
calendar year.

An initial appraisal of the supply available for annual fishery
instream flow releases will be computed and furnished to Fish
and Game on February Ist of each year or as soon as practicable
but no later than February 15th. This initial appraisal will
be used by Fish and Game to produce a fishery instream flow
release schedule for the first 15 days of March. This schedule
shall be provided to the Bureau as soon as practicable, but no
later than February 20th.

A second estimate of the supply available for annual fishery
instream flow releases will be computed and furnished to Fish
and Game on March Ist of each year or as soon as practicable but
no later than March lOth. A preliminary 12 month fishery instream
flow release schedule shall be provided to the Bureau as soon as
practicable, but no later than March 15th. The final determination
of the supply available will be computed and furnished to Fish
and Game on April Ist of each year or as soon as practicable
but no later than April lOth. The final fishery instream flow
release schedule for the April through February period shall be
provided to the Bureau no later than April 15th. Instream flow
re~eases shall be provided by the Bureau in accordance with
schedules furnished by Fish and Game.

A. The maximum annual supply available for fishery instream flow
releases shall be 302,100 acre-feet and the minimum

I supply shall be 98,300 acre-feet.

B. Fish and Game agrees that fishery instream flow releases which
may be requested, either for the purpose of study, or based
upon the results of studies as herein provided, shall not
exceed 1,250 cubic feet per second, except at the discretion of
the Bureau for compliance with existing guidelines (=or
flood control, water quality requirements, nondamaging flow
levels, implementation of the Plan of Study (Exhibit A) and

SDWA 64
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other downstream considerations.

C. Both parties reco’gnize that the determination of target storage
as defined in Ekhibit C is dependent on the amount of water
being consumed by uses upstream of New Melones Reservoir, and
by Oakdale Irrigation District and South San Joaquin Irrigation
District.

(i.) The annual use of Oakdale and South San Joaquin Irrigation
Districts shall be monitored and as the three year average
water use increases to the maximum allowed by the 1972
Stipulation and Agreement between the Bureau and the
Districts, the target storage specified in Exhibit C shall
be modified in accordance with the schedule shown in
Figure C-I, to protect authorized inbasin uses. Only
those years in which the New Melones inflow equals or
exceeds 654,000 acre-feet for the period from November 1
through October 31 of the following calendar year will be
used to compute the three year average water use.

(2.) The consumptive use of water in the basin above New
Melones shall be monitored on an annual basis. If
the use of water under existing or new permits
increases by 10,000 acre-feet per year over the
present level, the provisions for fishery releases
in excess of 98,300 acre-feet per year shall be
renegotiated to accommodate the increased upstream use.
Dry and critical year shortage criteria may also be
considered during these negotiations. The present level
of use of water above New Melones Reservoir is estimated
to be 36,800 acre-feet per year.

D. Said fishery instream flow releases shall be made in a manner
allowing for the implementation of the Plan of Study
described in Exhibit A.

III. The fishery instream flow releases provided for in this AGREEMENT
shall be made by the Bureau until long-term salmon protection
standards are agreed to or adopted by the Board. At the time of
completion of the studies described in Exhibit A, the results, along
with other pertinent information shall be considered by the Parties
in identifying an acceptable instream flow program. A Final
Agreement is anticipated, which would contain mutual recommendations
to afford long-term fishery resource protection. Said recommenda-
tions would be provided to the Board, together with a mutual request
that they be implemented as a condition of any Permit or License

.~issued pursuant to Applications No. 14858, 27319, 27320, and 27321.
In the event said Final Agreement cannot be made, within a period of
two years following concurrence of the Parties that the Plan of
Study is completed or six years foll~wing the last release of
coded-wire-tagged salmon as described in Exhibit A, the Parties
agree that either Party may submit its independent recommendations
and request to said Board.
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IV. Fish and Game agrees to dismiss its Protest to the Bureau’s
Applications No. 14858, 27319, 27320, and 27321, as filed before
the Board provided any Permit issued pursuant to said Applications
contains provisions sufficient to permit the implementation of
paragraph III above;

V. The Parties agree that they will work with other water agencies
in an attempt to implement a conjunctive use program that would
augment river flows so as to improve habitat conditions for chinook
salmon and other fishery resources. In that event, this AGREEMENT
will be amended, as appropriate.

VI. Nothing herein shall be construed to require any action which
would, of itself, constitute any infraction or violation of either
the Constitution of the United States of America or theState of
California, or of any Federal or State statute.

VII. It is the intent of the Parties to implement the Plan of Studies as
described in Exhibit A. The Parties agree to diligently pursue
approval for funding of the Plan of Studies (Exhibit A). It is
recognized that said funding is contingent upon approval of the budgets
of Fish and Game, the Bureau and Fish and ~ildlife Service, by the
State Legislature and United States Congress, as applicable.

VIII. This AGREEMENT may .be modified, based upon written concurrence of
both Parties, except that in the event.this AGREEMENT becomes an
instrument of either law or permit, concurrence of all concerned
legal and/or permit agencies shall also be required.

(Date)
California Department of Fish and Game

(Date) D~[vld G Houston, Regional D~rector
U. S. Bureau of Reclamation
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Z~hlbl ~ C

T’ur-po= e

I. This exhibit defines the equation used to co=pure the =upply
available for annual instream flow releases.

Variables

2o When used in this exhibit, the following variable r~presentations
,hall be applied:

(a) ’q~" is the variable labe! that represents the calendar year
month number of the current month of calculation. For example,
when the calculation is performed in March, H is equal to 3.

(b) "SAA_IF(~)" is the variable label that represents the ~upply
available, computed in month ’~", for annual Instrea= flow releases
in acre-feet.

(c) "Air’ is the variable label that represents the amount of
instream flow in acre-feet released since March i of the current
year.

(d) ’~EOHS(M-I)" is the variable labe! that represents the New
Helones end-of-month storage in acre-feet for the previous month.

(e) "PI(M)" is the variable label that represents the projected
inflow to New Helones reservoir, in acre-feet, for the current
month through September of the current year.

(f) "POSWD(H)" is the variable label that represents the projected
water demands, in acre-feet, for the Oakdale and South San Joaquln
Water Districts from the current month through September of the
current year.

(g) "PCWD(M)" is the variable label that represents the projected
contrac=ed C~’F Stanlslaus River water demands in acre-feet for the
current month through September of the current year.

(h) "PWQWD(M)" is the variable label that represents the projected
water demands in acre-feet associated with ~upportlng downstream
water quality and minimum flow commlt=meats for =he current month
through September of the current year. These flow requirements are
those contained in SWKCB D-IA22 and the Agreement with the South
Delta Water Agency.

(i) "EVAP(M)" is the variable label that represents the estimated
evaporation from New Melones reservoir in acre-feet from the
current month through September of the current year. The
evaporation rates applied in projecting New Melones reservoir
evaporation in acre-feet per acre are:

MA.~     AP~     KAY JUN     JUL     AUG     SEP

¯ 199    .386    .507 .581" .764    .711    .595
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of-month t~rget *torage in ~cra-feeV. ~i~ v~lue I* i~luenced by
the level of upstream ~nd do~tra~m ~emand~ for water from
Melones rase~o~r. Given the a~sessment of current
related to water demands on New Helones a target storage of
1,700,O00 acre-feet’,hall be used. ~fs value ~n ~ chanEed
mutual agreement of th~ parties as rea,sessment of these
conditions indicate the nee4 for ~ange.

3. ~e following equation mhall ~ u~vd to compute the ~upply available
for ~nnual instraam flow rel~asas on th~ Stanf~laus ~ver at Goodwin
Dam:

-~(~) - ~s

Fi gure C-I

TARGET STORAGE TABLE
(Thousands of Acre-feet)

Oakdale I. D. and
South San Joaquin I. D. De~and - 600     620     640     650 654

Required Target Storage for
{Jew Helones Reservoir - 17OO    1700     1700     1750 1750
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AGREEMENT BETWEEN
CALIFORNIA DEPARTMENT OF FISH AND G ~E

AND
THE UNITED STATES DEPARTMENT OF THE lh .RIOR

BUREAU OF RECLAMATION
R E GARD I NG

INTERIM INSTREAM FLOWS AND FISHERY $I I!IES
THE STAtIISLAUS RIVER BELOW ~IE~/ MELONES !ISERVOIR

This AGREEMENT is made by and between the Stat, ~f California, as
represented by the Department of Fish and Game, her,: ;~after referred ,to
as "Fish and Game", and the United States Departmen.’. ~f the Interior-,
Bureau of Reclamation, hereinafter referred to as " -’eau", and bot~
hereinafter collectively referred to as "Parties", r th’e combined’ z

purposes of (i) providing appropriate Stanislaus Ri. r- instream flows as"
needed to maintain or enhance the fishery resource ring an interim
period in which habitat requirements are better der .ed, and (2)
completing studies of the chinook salmon fisheries the Stanislaus
River.

RECITALS

THE PARTIES RECOGIilZE:

A. Chinook salmon stocks of the San joaquin ’;er and its
.tributaries represent important fishery resources     the State of
California. These include salr,,on which annually ~. lize the Stanislaus
River, downstream from Goodwin Dam, for the purpo~. of spawning,
incubation, juvenile rearinc~ and migration. All      joaquin River
system salmon stocks have been reduced in recent ? .rs, resulting from
numerous factors affecting their habitat and redu ::g their survival,
particularly during juvenile stages.

B, Through its operation, the Bureau’s New lones Reservoi;~-�~an"

materially affect the amount and timing of instrz, flows available below
(downstream) of Goodwin Dam, thereby affecting t;- welfare and su.cess.of
salmon stocks and other fishery resources of the .anislaus River and 6f
the San Joaquin River in the reach between the S~ ~islaus River conflu-
ence and the San Joaquin-Sacramento River Delta. Zt is recognized,
however, that the adequacy of instream flows in ~ San Joaquin River and
Delta reaches is dependent upon conditions and i" ~ream flow releases
from other upstream tributaries, in addition to e Stanislaus River.

C. During 1984, the Bureau filed Applicatic ; No. 14858, 27319,
27320, and 27321, before the California State ~ -r Resources Control
Board (Board), which in part sought permits to ~: -ectly divert water, fpr

¯    beneficial use at New Melones Dam and other poi, -_-, as described in thos.e
applications. Fish and Game, acting on behalf, the people of the State
of California, filed a protest to the Bureau’s . .?lications on the basis

TUOLUF.1iNE U’t [,ITIES DISTRICT EXIIlIIlI" NO.
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that, lacking appropriately scheduled instream flows. "! : I}roposed direct
diversions could adversely affect salmon and other rms~ -cas of the
Stanislaus River and the reach of the San joaquin Riwe: ~e~cribed in
Recital B above.

D. In its protest, Fish and Game identified thin ~ .’.d to perform
detailed studies of the Stanislaus River salmon fishmr.. ;or the
purpose of prescribing an appropriate instream flow ~cl ~ule.
The need for such studies had earlier been identifie.~d ’ Decision
D-1422 of the Board. The Parties, in coordination writ ;h~ United
States Department of the Interior Fish and Wildlife ;Se: ~ce (the
Service), have already cooperated, to some extent, ii~ ¯ ~_ {~esign,
partial funding and partial conduct of said studies,, p:- Jr to execution
of this AGREEMENT. As yet, insufficient study resulli~s re available,
however to make the intended instream flow prescrip~zio

The cooperative studies as agreed to by’ the Parties .aF. the Service are
outlined in the Plan of Study, a copy of which is atta ed hereto as
Exhibit A of this AGREEMENT. The funding responsibiili =_s and budget .
for the studies are provided for in the document attac. ~ hereto as
Exhibit B,

E. The purposes of this AGREEMENT are:

I, To commit the Parties, within constraints imposed y Legislative
approvals of their budgets, to the completion of a ~prc am of
studies intended to identify the long-term instrean~ fli and other
physical needs of Stanislaus River chinook salmon.

2, To implement an interim instream flow schedule w}- ~h will (I) pro-
tect’the chinook salmon stock of the Stanislaus River ~ring completion
of said studies, and (2) provide for experimentation ’ the amount
and timing of instream flows to ascertain if acceptab criteria for
protection of salmon can be provided conjunctively wi,~ other benefi.c.i.~l
water uses.

F. This AGREEMENT shall pertain only to fishery’ esources and
habitat within the Stan,islaus River and San joaquin Ri ~.r as described
in Recital B above. The Parties further recognize th:, there are other
downstream activities which also materially affect th.~ ~urvival of
downstream migrant chinook salmon from the St~nislaus iver, and that
said downstream aspects need to be addressed in t&e fl" are. The parties
acknowledge that despite the adequacy of instream flc~ which are
provided for the Stanislaus River below Goodwin Dam, zovery of the
fishery may be hampered, pending correction of existii problems
associated with downstream diversions, Delta diversic,: and fish passage
through the Delta.

G. It is the intention of Fish and Game that th" AGREEMENT shall
become the instrument through which it will provision." ly dismiss its
protest against the Bureau’s applications, as describ~ L in Recital C.
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